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MEDICAL SURVEY OF RONGELAP PEOPLE

SEVEN YEARS AFTER EXPOSURE TO FALLOUT

Introduction

The results of a medical survey o! the ptv~ple of”
Rongelap in the Marshall Islands. tarri<[i {)l]t in

,March 1961 at 7 years after the accidtr~[. ire [Jrt’-

sented in this report. These people ha(l Ixt’r] :1<<i-

dentally exposed to fallout racliatit)n t’olloii”in~ a

detonation ofa high yield ttlernlt]ll[l,lt,lr [l(vice

during experiments at Bikini in the I’A( ifi{ Pr[)vil~g

Grounds in March 19.54, .An unpl-[{li( r((l shift in

winds caused a deposition ofsi<ni!it. i]]t .imounts

of fallout on four inhabited N[arsh. itl Iil,in(is to

the east of Bikini (see Fiqure I } ar](l ,il~() on 2:]

Japanese fishermen aboard their liitlll~< \esscl,

the Luckv Dragon. Of the inhabit ants {ji’[hr islandof

Rongelap, 105 nautical miles alva;” frorrl the det-

onation, 64 received the lar,qest fall<]ll[ esposure:

an estimated dose of 175 r of ~vhole - tx)<l\ qamma

radiation, contamination of the skir~ s~lfficient to

result in beta burns, and sli,ght internal ahsor-ption

of radioactive materials throu~h inhalation and
ingestion. .Another 18 Ron,gelap peo]]le at~ay on

a nearby island (.4ilingnae), \vhcre less fallout

occurred, received only an external ,gamma dose of

about 69 r. There were 28 ,American servicemen

on the island of Rongerik further to the east who

received about the same amount of radiation as

did the Rongelap people on .Ailinqnae. [.astly, 157

Marshallese on Utirik Island, aho[it .?00 miles
further east, received about an estin]a~ecf 14 r of

\vhole-body radiation, The fallout was not \isible

on this island and no skin effects developed.

The exposed people were evacuatrd from these

islands by plane and ship about two days after the

accident and taken to Kwajalein Naval Base

about 150 miles to the south, \vhere tl]e~. recei~ed

extensive examinations for the follo!iinq three

months. In view of the generally neqatiic Iindinqs

on the American servicemen, they \\(.r-elater re-

turned to their duty stations. ‘[-ht. L“[irik people
\vere also allowed to return to thrir h(IIne island.

\vhere radioactive contamination w,l~ iliullr thnouqtl

to allow safe habitation. Because Rt,r]u,l,if) .\toll
was considered to be too hi,ghlv col~t,~l]llrl.ltt’rl, a

temporary village was constructed for the Rongelap

people on Majuro ~ltoll several hundred miles to

the south, \vhere they lived for the following 3%
\rars and \verc examined at yearlv intervals by a

i[]txial medical team. In July 1957, after careful

(\;il[latic)n of the radioactive contamination situ-

ation, Ronqe]ap Island was considered safe for

habitation. .A new villaqe \vas constructed, and

the Rongelap people were moved there by Navy
ship. The annual medical surveys have since been

carried out on Rorqelap Island.
.A group of more than 100 Rongelap people,

who \vere relatives of the exposed people but had

been away from the island at the time of the acci-

dent, moved back with the Rongelap people to

their home island and have served as an ideal

comparison population for the studies. Followinq

the initial survey of the Utirik people on Kwa-

jalein in 1954, a repeat survey was carried out in
March 1957. In addition, during the past survey,

as in the previous ~1[1-veys, a visit was made to

Majuro Atoll to exal]]ine a group of children who

represent part of the control group used for the

growth and develop ll]ent studies of the exposed

children.

Fiqure 1. \lap 0(’ fa[lc]ut area
~\larch 1, 1!)5+1. \larshall Islands.
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The accumulation of data from these surveys is

becoming increasing y voluminous. Since condi-

tions have not been favorable for performance of

extensive statistical analyses or use of electronic
computing procedures to store and manipulate the

data, the annual survey reports published by this
Laboratory are made as complete as possible. This

report, therefore, includes a considerable amount

of raw data, much of it in appendices, so that

others may have an opportunity to make further

calculations if desired.

Summary of Past Findings

Reports have been published on the findings of

surveys made at the following times after expo-

sure: initial examination,’ 6 months,’ 1 year,’ 2

years,’ 3 years,”) 4 years,” and 5 and 6 years.’ The

following is a brief summary of the findings pre-

viously reported.

During the first ’24 to 48 hr after exposure,

about % of the Rongelap people experienced
anorexia and nausea. A few vomited and had
diarrhea. Many also experienced itching and

burning of the skin, and a few complained of lach-

rymation and burning of the eyes. Following this,

the people remained asymptomatic until about 2

weeks after the accident, when cutaneous lesions

and loss of hair developed, due largely to beta ir-
radiation of the skin. It was apparent when the

people were first examined, a few days after expo-

sure, that the lymphocytes were considerably de-
pressed and that significant doses of radiation had

probably been received. In addition to the whole-

body dose of radiation and the beta irradiation of

the skin, radiochemical analyses of the urine

showed that measurable amounts of radioactive

material had also been absorbed internally. The

effects of the radiation can best be summarized

under three headings according to the mode ofex-

posure: penetrating irradiation, skin irradiation,

and internal irradiation.

PENETRATING IRRADIATION

The changes in the peripheral blood of the more

heavily exposed Rongelap people who received
175 r will be reviewed in the section on hemato-

logical examinations (see Figures 34, 39, and 43,

and Appendices 1 and 2). “l’he changes in the
Ailingnae and Utirik groups were similar but less

marked. Certain unexplained fluctuations have

occurred from year to year in the peripheral blood
levels of the comparison populations as well as of

the exposed groups. The mean /eukoqte level of the
exposed group showed a marked decrease at the
time of the 1960 survey (no unexposed people
were examined). Depression of the peripheral

blood elements as represented by mean popula-

tion levels occurred m follows.

Lymphocytes fell promptly and by the third day
tvere about 5.; (Z of the control values in adults,

and sli~htly lower in children. There was only

slight recovery after six months. At 2 years, al-

though further recovery was evident, the mean
values of these cells were still found to be }XIOW

the comparison population levels (75 to 80’; ). \t

3 years t-he mean l~mphocyte counts \vere slightly

below those of the comparison population. ;1[ -1

years the mean level appeared to be about the
same as that of the comparison population. but

many counts remained lower. However, at 5 }ears,

~Yrn@oqte levels appeared for the first time tu cq~ml

those of the unexposed group, except that analyses

showed more counts below the avera,ge of [ hc un-

exposed group.

Neutrophil levels fluctuated considerably dur-

ing the first few weeks but fell ,gradually to a low

of about 50(; of comparison population levels by

the 6th week tifter exposure. Slow recovery en-

sued, but at 6 IIlonths they were still slightly beloiv

the unexposed levels. However, by 1 year post ex-

posure they hid returned to the level of the com-

parison population and have remained so, \vith

the possible exception of those of children <12

years old, which generally have been lower than

those of the unexposed children of comparable

age.

Platelets fell to about 30(; of the unexposed

values by the -lth week. By 6 months they bad

reached 73% of the controls; at 1 year the mean

platelet count Y$as still below that of the control

population but higher than at the 6-month sumey.

Although further increases were apparent at the

2-, 3-, and 4-year examinations, the levels \vere

still below those of the comparison population. .\t

.5 years post exposure, exposed people still had

mean platelet levels 10 to 15’{ below those of the

unexposed ,gr-oup.

Changes in hernatocrit were not remarkable in

any of the groups during the period of maximum

depression of leukocytes. However, it appeared
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that in 1959 the mean @hr@e levels were slightly
lower in the exposed people. These blood elements

in the Ailingnae group also showed some slight

depression below the unexposed levels but not

quite so marked as seen in the Rongelap exposed

group. A general anemic tendency ivas noted in

the Marshal lese, both exposed and unrspf]sed,
Price-Jones curue.s, on the average, shot!eci a sliqht

microcytic tendency. .Yt’runt Iron Iclels iJ(,rt’ :t.n-

erally normal. The fact that some (Jttl~{. I)I(xIcI {l{>-

ments in the exposed group hate ]]~j( \(t rttl]rrl<(l

to the levels in the unexposed qro~llj 1tiiw~ 11~{’lN)i-

sibility that a residual radiation etlt( r or] [t){ IN)II(.

marrow persists, but other, not i[llll)((li,ir(li .l[)-

parent, factors may be in~ol~cd.
Reticulocyte counts have burl) :Il)(){]r r hc wrne

in the exposed and unexposed pc(illl(
Bone marrow examinations on ,i I}lll]]lx[ t)l’rl-

posed individuals at 6 rnorrths :~rltl ~ \I,Irs pc)s[

exposure showed no abnorrnali[lts {Jr (l<fl(iel~uics

of cellular elements.

Clinical examinations revealed J]() (Iiicase lm~-

esses or symptoms which could l]{ :i[[rihu[cd 10

radiation effects, aside from skin It’it{)ns, loss of

hair, and early symptoms. LNOspec ilic t hcrapv Ivas

given. Epidemics of chicken p~)x ;in(t rnra~l& oc-

curred. The diseases encountereci It ere no more
severe or frequent in the irradiated ~roup than in

the unexposed group, even durin< (hc period of

greatest depression of peripheral I>l(]od elements.

At 3 years post exposure the immune response

to primary and secondary tetanus antitoxin ~~as

tested and found not to be significantly different

in the exposed compared to the unexposed popu-

lations.

Four persons in the exposed population died of
disease: ( 1) a 46-vear-old man ~vith a hypertensive

heart disease which had been present at the time

of exposure, who died 2 years after the accident:

(2) a 78-year-old man who died. 3 )ears after ex-

posure, of coronary heart disease complicating

diabetes; (3) a 36-year-old man i,h(j died of acute
varicella, 4 years after exposure, )i}](j had received

only 69 r, having been on .Ailinqnat. :it the time of

the fallout; and (4) a N1-year-old ~i(]lrlan t~ho died

of a cancer of the ovar}- at 5 )ear-s .ittcr exposure,

There was no apparent relationship I){ttiwn an}

of these deaths and radiation [xl)oilir-c. Four

deaths have occurred in the cc)nll).ir-li{~rl ~x)p(ila-

tion. The four deaths that have {,( t \JllL.(1 ir) II)V

rate of 8.1 per 1000 population. compared with 8.3

for the comparison population and 6.8 for the

Nlarshall Islands as a whole.

Certain findings ~vere possibly related to the
radiation exposure, such as loss in weight ofscvera]

pounds in most of the people cluring the tirst
scJ~ra] rnor]ths after exposure and suq,qestivc e~i-

dence ofsliqht lag in gro~~th and development of

the chilcfrcn based on studies ofheiqht, ~vei<ht,

ar](l Ix)llc cft-vcloprnent (but inconclusive pending
ilri!i(ation of more exact ages of some ofthe

t Ilil(ir(, n).

1ri [t,ll[ltction tvith qrow/h and del eh//men( .s(ud{(,.

‘il)lojrcton the verification of accurac} olaqes of

the (hildren has not been completed and. thcrc-

lilre, the suqqestive evidence previously presented
of possit>le laq in statural ,gro}vth in the exposed

children must a~vait confirmation. It was noted,

Il(]ii(’vcr, that in the 6-year chronolo~ical aqe

yro~lp. three boys and one girl out of f~ve boys and

ti}() <i[-Is in the exposed group exhibited si<nifi -

cantl~ retarded skeletal maturation as judged bv

x-ray examination. The birth dates of these chil-

dren seemed to be fairly ~vell established.

It ~~as difficult to e~aluate the effects on fcrtilit>,

H()~vever, a re~iew of the b~r(h rate of the exposed

yroup over the past 6 years seems to indicate no

noticeable effect oi’ )l~eir exposure on fertility, The

24 births represenr .1 rate of -18 per 1000 popula-

tion, compared \vi(ll :17.3 for the ~larshall Islands

( 1957). The 20 bir[}ls over a 3-year period for the

comparison population represent a rate of62 per
1000 population. ..1 somewhat greater incidenc~ of

ml.~carrraqt.rand stillbirths has been noted in the ex-

posed ~vomen, but because of the paucity of vital
statistics in the hlarsballese and the small number
of people in~olved, the data are not readily ame-

nable to statistical analysis.

Z\((~r/////(r~arr//ar~t(ri<p of the adults ( 1959) shoived

no outstandin~ dif~crences bet}veen the exposed

and unexposed groups. The people appeared to

have less hypertension on the whole than is noted

in people in the continental United States.

;ln rrr(hr~{zs.surwy ( 19.59) sho~ved no great differ-

ences between the exposed and the unexposed

people, and about the same incidence as is seen in

.\nlerican populations.

op}/t/I{Z/rrt///,<1[IJlJl,I[rie]s sho~~ed no remarkable

(lifli~rrnces bet~xeen the exposed and unexposed
qro~lps except possibly a sliqhtly Sreater number

of ( .M+ of pterygii, pinqtreculae. and cornea] scars
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in the exposed group. It is not known whether this

finding is of any significance in relation to their

radiation exposure. Slit-lamp observations showed

no opacities of the lens characteristic of radiation

exposure. As a whole, visual and accommodation
levels in the Marshallese appeared to be above the

average in the U.S. population.
Dental surueys showed no significant dif~erences

in either caries rate or incidence of periodontal dis-

ease between exposed and unexposed qroups. ‘I%c
poor oral hygiene generally observed in the \lar-

shallese had its usual results, na~l)vl), t~iyt] caries

rate in teen-age children, severe periodontal Irsions

in adults (heavy calculus and loss of’ al~twiar

bone), and edentulous mouths in [11(’aged. Radia-

tion exposure did not appear to have affected de-

veloping dentition in the exposed ~tlildren.

Late efects of radiation. Various parameters usually

associated with agzn,g ~vere measur-cci or intimated

on a O to 4+ scale (skin loose nrss, elasticity, and
senile changes; greying of the hair and baldirrq;

accommodation, visual acuity, and arcus senilis:
hearing; cardiovascular changes includin% blood

pressure and degrees of peripheral and retinal

arteriosclerosis; neuromuscular tunction; and

hand strength). Comparison of these measure-

ments in exposed and unexposed individuals of the

same age groups showed no apparent differences.

.4 biological age score was calculated for individuals

and groups by use of an average percentage score.

L.~~eshortenin,~ effects of radiation have not been

apparent. As noted, the mortality rate was about

the same in the exposed as in the unexposed people.

The one case of cancer that developed in the ex-

posed group occurred at 5 years after exposure,

too soon, it is believed, to bear any particular rela-

tion to radiation exposure. Lculremra surveys in-

cluding physical findings, studies of white cell

counts and types, alkaline phosphatase staining,

and basophil counts of 4000 white cells showed no

evidence of leukemia or leukemic tendency. One

child in the irradiated group had :~’”;basophils but

no other positive findin,gs. The rarduwas(ular and

arthritis surveys, as well as the xeneral results of the

physical examinations, have not sho~vn anv ap-

parent increased incidence of’ d(<rrr~ratlz!edlsra~es

in the exposed people. No radiation-induced

cataracts have been observed in any of the exposed

people.

Genetic effects have not been <Ixxiticall) studied

because of the small number (It’ ~xx)l)lr il~volvmi.

No apparent radiation-induced genetic changes

have been detected on routine physical examination

in the first-generation children of exposed parents.

If the suggestive evidence of increased miscarriages

and stillbirths in the exposed women M true, this

may represent a genetic effect of exposure.

BETA IRRADIATION OF THE SKIN

It l~as irllPossible to get an accurate estimate of

the radiation dose to the skin. Beta burns of the
skirr and epilat ion appeared about 2 ~veeks after

vxpfmllrc, lar~cly on parts of the body not covered
by clothing. :\bout !)O’”~of the people had these

burns. and a smaller number developed spotty
,,

epllatlon ofthe scalp. Most of the lesions lvere
iuper-{icial; they exhibited pigmentation and dry,

scaly desquarnation, and were associated with

little pain. Rapid healing and repigmentation

follo~ved. Some lesions were deeper, sho~ved iirt
desquarnation, and ~vere more painful. ;\ li’~v

burns became secondarily infected and had tt~ I)r
treated with antibiotics. Repi,gmentation of [he

lesions gradually took place in most instances. arrd

the skin appeared normal within a few’ ~vceks.

However, in about 15(Z of the people, deeper

lesions, particularly noted on the dorsum of the

feet, continued !) show lack ofrepigmentation

with varying dt:rees of scarring and atrophy of

the skin. By 6 ye.lrs the only residual effects of beta

radiation of the ikin were seen in 10 cases which

showed varyin~ (Iegrees of pigment aberrations,

scarring, and atrophy at the site of the former

burns. Numerous histopathological studies have

been made, ‘ 1 “’and the changes found have been

consistent with radiation darnaqe. .At no time have

chanqes been observed either grossly or microscop-
ically indicative of rnaliqnant or premalignant

chanqe. Spotty epilation on the heads was short

lived. regrowth of hair occurrinq about 3 months

after exposure and complete regrowth of normal
hair by six months. No further evidence ofepila-

tion has been seen.

An interesting observation was the appearance

of a bluish- broivn pigmentation of the semilunar

areas of the fingernails and toenails in about 9{}’;;

of the people, bc~innirrq about ‘I weeks after expo-

sure. By 6 rnonttrs, this pi,qmentation had larqely
yrol$n out I>,ith t}]e nail and had disappeared in

most cases. The (’ause of this phenomenon has not

I)cen explained.
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INTERNAL IRRADIATION

RadioChemical analyses of numerous urine samp-

les of the exposed population showed internal
absorption of radioactive materials, probably

brought about largely through eating and drink-

ing contaminated food and ivater and to a lesser

extent through inhalation. During the first few

days when the body le~els Jvere at their hi,qhest,

the maximum permissible concentrations t~ere ap-

proached or slightly exceeded only in the case of

strontium-89 and the isotopes of iodine. The con-

centrations were believed to be too I{)tv to result in

any serious effects. Body levels fell rapidly. so that

by 2 and 3 years post exposure, they ~ierc far lx-

Iow the accepted maximum permissible level; by 6

months activity in the urine ~vas barely detectable.

In 1957 analyses of bone samples on one of

the men who died showed 3.7 strontium-90 units,’g

calcium. Beginning in 1957, gamma spectroscopy

by use ofa low-level counting chamber i~as added

to the techniques ofradiochemical analysis. The

return of the Rongelapese to their home island
(which after careful survey ~vas considered safe for

habitation, despite a persisting lo~v level of radio-

active contamination) was reflected in a rise in

their body burdens and increased urinary excre-

tion of certain radionuclides. Durin,g the years

since the original contaminating event, additional

weapons tests held in the area have contributed

to the fission products in the environment. Since

the diet includes a variety of imported foods, the

people are not living in a “closed” environment,

and therefore may not be rapidly approaching

equilibrium with the environmental fission prod-

ucts, as might be expected under other circum-
stances.

Body burdens of gamma-emittinq fission prod-

ucts (such as Cs’); and Zn ‘)”))were measured in a

whole-body counter and checked by radiochem -

ical analysis of urine specimens. Body burdens of

St-<’”were estimated from urinary excretion as

determined by radiochemical analyses. Both the

external dose measurements on Ronqelap Island

and the levels of radioactive isotopes in the food

on the island indicated that some increase in Cs’ ‘;.

Zn’’”’, and Sr”” body burdens tvas to be expected

~vhen the people returned there in 1$)57, The Ck’ IT

body burden in 1958 ~vas about ().68 p(:, about 6fI

times as great as in 1957, and the urinary (:s’ 7

level rose by a factor of 14(1: the mean body bur-

5

den for 1959 was 0.57 pC. The mean body burden

of Zncj estimated from whole-body counting data
was, in 1958, after the return to Rongelap, 0.36 pC,

8 times as high as in 1957, and 0.44 pC in 1959,

Thus, whereas the CS”7 levels appear to have

reached a maximum and actually to have dropped

in 1959, the Znti:] levels have shown a continued

increase which is probably related to the Ionq bio-

logical half-life of the latter. The St-’’” level in 1958

estimated from excretion data was 2 mpC. about

20 times as high as in 1957 before the return to

Rongelap. The estimated body burden in 19.59 in-

creased to 6.0 mpC, about 20[? of the estimated
ultimate equilibrium value. Little of the body bur-

den of the exposed group is apparently due to their

initial exposure, since at present there is little dif-

ference between the levels of the exposed and un-

exposed populations living on Ron,gelap Island,

L}’hen these three isotopes have reached their esti-

mated equilibrium values, the body burdens ttill

still be of small significance in terms of radiation

hazard.

OTHER STUDIES

Studies of,genc~ical~ inherited characteristics. Blw,d

,grouping studies in the Marshallese showed a rela-

tively high B genr frequency, a high N gene fre-

quency, an extremtl> high R’ gene frequency. and

total absence of Kcll and Diego factors. These

characteristics diff’r from those of Polynesians and
suggest relationship with Southeast Asians and

Indonesians. Haptog!obin studies showed the fre-

quency of the Hp’ gene to be higher than in

European populations thus far tested and con-
sistent with populations Iivin,q near the equator.

The distribution of haptoglobin types shoived the

population to be relatively homogeneous. TrarM-
firrins in all sera were type CC, the common Euro-

pean type. fl-.4mino-iso-bu! rric ocid urinary le~els
showed the ?vlarsha]lese to be the highest excre-

tors of this acid of any population thus far re-
ported, Levels in the exposed group were about

the same as in the unexposed qroup, and no cor-

relation was found ~vith body burden level of

radionuclides; this indicates that there is probabl}

no correlation with radiation exposure. Henmg/ob/n

!Iprs tvere considered normal, S’tck[rn~ tt.sts shmved

no sickling tendencv in anv of the people. G/um.~e-6-
phovphatrdeh)dro,qen;lse of t he red cells appeared to

be deficient in the hlarshallese, Considerable cau-

1
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tion must be exercised in evaluating the results of

these studies on genetically inherited character-
istics because of the small number of samples

tested. The data do seem to indicate relative

homogeneity of the population and closest kinship

with people of Southeast Asia. These data also

may be useful as a base line should genetic chan,ges

appear in later generations, possibly related to
radiation exposure.

Results of other laboratory studies included the

following: Serum protein levels were :cr)crally on [hc

high side of normal; elect ropllt)rt’lic f)al((,rI)\

showed the increase in proteins I! as lar~el~ dur

to an increase in the gamma globulin fr:k{(iori. ‘1’l)c

reason for this is not apparent. .Sulllrrous chronic

infections may be an explanation.

Sodium iewls in the urine arl<{ t’i}[xl indicated

about the same consumption o!’ .X.1(:1 as in ;ln~er-

icans. The generally lower irlcicl(nce o! h}~]er-

tension in the Marshallese nli~h~ Ix rrrlated to the

fact that the former native diet i~as lm)bably lower

in salt content than the present, rll~)rc iicsternized
diet. It will be interesting to ser t, IJ[,[ her the inci-

dence of hypertension will later incrrase.

Serum cholesterol leuels ( 1957, 1!~.-)!~) ~vcre son]e-

what lower in the exposed population than in the

comparison or Utirik populations, but were in the

low normal range. No abnorally low readings

were noted.

Serum creatinine levels ( 1957) ~vere in the normal

range with no abnormal levels noted.

Serum uitamin B,, concentrations ( 1958, 1959)

were generally significantly higher than American

levels. The possibility of contamination of the sam-

ples with bacteria producing vitamin B,, must be

considered, since myeloproliferative and liver dis-

eases were not seen.

Serum protein bound iodine levels ( 1957, 1959) were

generally slightly elevated. Evidence for thyroid

dysfunction was not apparent in the people.

Glucosuria and eleuated blood su,qtrr were found in

4 unexposed individuals, which indicated a rather

high incidence of diabetes.

A survey for intestinal paru~[tt~ ( 1958) shotved

75% of the people to be infected ivi[h tarious types.

For the three major pathogens [’()~]r]d. the over-

all infection rates were, for En/{////(Hh~lh/.r/o/IIt/ca,

18.27c; for hookworm, 5.5’;{ ; and ti)r Ir/[hur/s”trwh-

iura, 3~.3~0.

Eosinophiiia >5% has consist II I)ccn noted

in about half the people. The I’.i( r r11.11 hall [he

cases with eosinophilia showed no helminthic in-
fections at all suggests that other factors besides

parasitic infections must be responsible. The eosin-

ophilia may be related to chronic fungus and other

infections, particularly of the skin,

Completnentji.vation studies for parainfluenza 1, 2,

and 3, respiratory syncitial, psittacosis, and Q fe-

ver shoived antibodies to all groups of viruses ex-

cept that for Asian influenza, which probably had

r]ot yet seriously involved the people of the Mar-
shal] Islands. The antibody titers appeared to be

iolt]civhat lo~vcr in the exposed people.

DIFFICULTIES ASSOCIATED

WITH THE EXAMINATIONS

~ls mentioned in previous reports, several ditil-

culties were associated with carrying out the ex-

aminations as ~vell as interpreting the findings.
1. “1’he Ianquage barrier made examinations

ditficult, since very little English is spoken by the
\larshallese, However, there were sufficient Eqg-

lish-speaking hlarshallese to assist the medical

team in most instances.

2. The lack of vital statistics or demographic

data on the Marshallese imposed a serious diffi-

culty in interpretation and evaluation of the medi-

cal data. Recorcis [~fbirths, deaths, etc., have been

made by the heai[lr aides or magistrates of the vil-

lages and supposed Iy forwarded to the district ad-
ministrator; howt,i.er, such records have been in-

complete or lost ir] most instances, and vital statis-

tics are therefore inadequate. Trust Territory

officials are now attempting to assemble such data.

3. There is uncertainty on the part of some of

the Nlarshallese as to their exact ages, particularly

among the older ,qNnrp. This imposes certain diffi-

culties in interpreting some of the studies to be

outlined.

COMPARISON POPULATIONS

l~urin~ the first 2 years, two separate groups of

Xlarshallese people were used for comparison,

each of comparable size to the exposed Rongelap

yroup and matched for age and sex. However. this

population was found to be unstable, with a large

attrition rate oi’er the 2 years, which made it un-
satisfactory. .At the time of the 3-year survey, it

},:Is found that during the preceding 12 months

(he Rongelap population at Majuro Atoll had

I
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doubled because of the influx of relatives who had

come back from other islands to liI’e with them.

These people had been away from Rongelap
,Atoll at the time of the accidental exposure. This
,~rot]p matched reasonably WT1l for age and sex>
and was of comparable size. Since the return of

the people to Rongelap, however, this ~roup has

about doubled in size.

Since the people are of the same stock geneti-

cally, they are uniquely appropriate to writ as a

comparison population and have. therl’ti}re. Ix-(’n

used since 1937.

1961 Survey -

Organization and Procedures

The medical team consisted of ~ix medical

specialists, five from the United States and one

from the Trust Territory; one dentist Ironl the

Trust Territory; one Xlarshallese pr:~([i[ioner;

and ten technicians, five from the L’rlitrd States

and five from the Trust Territory ( Iigurc 2 ).

The medical equipment had Ixcll wnt out to

the Islands prior to the team’s arri Ial. and pre-

liminary preparations had been madr hr lq~istic

support of the operation by the Na~y Pacific hlis-
sile Range group and the Holmes and Narver

contractors at Eni ~vetok.
Before the survey at Rongelap, the team ~’isited

Kwajalein and Majuro for several days to carry

out examinations on a number of’ Rongelap

people who had moved to these islands.

The Trust Territory provided a cargo ship,

the M/V Rogue (Figure 5), to transport the team
and to serve as a base of operations. In mid-hlarch

the ship proceeded from klajuro to Eni~(etok,
where the medical equipment and the 21 -ton steel

room for whole-body gamma measurements ( Fi~-

ure 6), which was stored there, ~vere loaded on the

ship. The onloading of the latter was a difficult

and exacting procedure, but ~vas carried out re-

markably smoothly by the Holmes and Narver

personnel. The steel room and a ~v(xxicn room to

house the electronic equipment ~,erc placed in

the cargo hold of the ship, and iwxjd(>n stairs ~~cre

installed for access into the hold.

On completion ofloadinq the ~hil~. lr(f’~]elin~.

and taking on fresh ~vater. the rcan~ Inj.ir(!td [he

ship and proceeded to Rongelap. ‘1 II( (In[>-clav

trip was quite rough, since the ship was heading

into the strong prevailing trade winds, but the

steel room and equipment remained secure. The

ship dropped anchor about 1000 yards offshore

at Rongclap village.
On arri~’al, an outrigger canoe came alonqside

the ship with the .Magistrate of the villaqe, tiho

came aboard. The objectives of our ~’isit to R{m~t.-

lap Ivere discussed with him. and it ~~as considert>ci

ad~isab]e to hold a villaqr mcetinq so [hat [tir

I>roposed examinations could Ix explained to the

p[[)ple and any questions the} nli~ht have collld
IN>answered.

ljurinq the village rnee[inq, held in thr (Io(lncil

House. the medical examinations to be conducted

and the reasons for them ~vere explained. The

people expressed continued concern about Ihc

effects of fallout on their health, but to no greater

extent than at meetings durinq past surveys. .1s

in the past, they claimed that fish poison in< wa~

related to the fallout, and said that certain fish

have a black spot in their- abdomens, u hich thc~

believe to be due to radio acti~ity and to calls{

sickness in those eatin~ such fish. It ~ras argain vx -

plained to them that fish poisoninq ivas in no !j:i>

related to the fallout. .-l ne~v complaint ivas that

several families had developed inflammation and

blistering of the moti[l) and upset stomachs from

eating arrowroot flo[ 11 ivhich they felt was affected
by fallout. It was exl,l:iined that this type of effect

has been noted in ()( Ilcr islands when the flour is

not properly prepart[l. They asked whether coco-

nut crabs could be t.aten yet and were told that

these were still not safe but that continuous tests

would be carried out and that thev wrould be in-

formed ~vhen the crabs haci reached a low enough
level of contamination. l-his is the only item in

their diet ~vhich they arc forbiddrn to eat, .lnother

complaint was that the coconuts ivere small and

that certain chanqes had been noted in the coco-

nut and pandanus trees ivhich they believed re-
sulted from fallout.

Despite the above complaints the people were

~ery friendly and cooperated ~vith the examinins

team in all aspects of the examination that fol -

lo~red,

EXAMINATION FACILITIES

\\”hole- body qamma spectrosc{)py ~~as carried

[)~lt in the cargo hold of’the ship. The air-condi -

r
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Figure 2. Medical survey team
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Figure 5, Trust Territory ship R(Jqt(c. .1[ .i[]chor.

Rongelap Laqoon.
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Fiqure 4. Ronqelap \’illage,

KY

Figure 6, Twenty-one ton steel room” heinq loaded on
ihlp fi)r survey, Used ai Shield it],q fi)t qamma spcctro-
<raphic determination of rariionuclides in Ronqelap
p(’oplc.
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Figure 7. Hematology laboratory, Rongelap Island.

tioned wooden room containing the hundred-

channel analyzers and other electronic equipment
was located close to the steel room. A shower

facility was available on the upper deck. The

people were brought to the ship in a motor launch

and, after taking a soap and water shower and

donning paper coveralls, they went down into the

hold to the steel room. Taped music was piped in

during the procedure. From past experience the

people were accustomed to the procedure and

showed no fear, with the possible exception ofa

few of the younger children. Further description of

the gamma spectrographic methods will be pre-

sented later.

The other examinations were carried out ashore

at Rongelap village. As in the past the dispensary
was used as a laboratory for the hematological and

other laboratory procedures (Figure 7). The ad-

jacent school building was used for taking histories

and performing physical examinations on the

people. The council house next door was used for

special examinations of the skin, aging studies,

urine collections and analyses, and x-ray examina-

tions.

HISTORY AND PHYSICAL EXAMINATIONS

Histories were taken by a Marshallese practi-

tioner and an intt’rpreter, with particular em-

phasis on the interJ al history during the past year.

A special survey was again conducted by the pedi-

atrician to attempt to ascertain more accurately

the birth dates of the Rongelap people, par-

ticularly the children. Complete physical exami-

nations were carried out including growth and

development studies on the children (anthropo-
metric measurements and x-ray examinations of

the left wrist and hand for bone development stud-

ies); studies of aging criteria; special examinations

of the skin with color photography of selected le-

sions; a special cancer detection survey; and a

dental survey.

CANCER DETECTION SURVEY

In the cancer detection sur~’ey, procedures in-

cluded an evaluation of the history, special phys-

ical examination, and certain laboratory tests, The

ftirnily history did not yield satisfactory informa-

1
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tion, since the incidence of familial diseases n- used

11

n previous surveys, except those for hearing

eluding cancer was generally unknown by the
people. The historv yielded some information on

changes in weight, history of illness, and, in the
case of women, menstrual, obstetric, and nursin,q

history. In the physical examination particular

emphasis ~vas placed on examination of’ the skin,

node-bearing areas. head and neck. chest, breast.

abdomen, and external ,genitalia. Pel~ic examina-

tions were carried out on all mature k’n]ale~. and

vaginal and cervical smears for l>~ll~tirli({ll:lt)~]

examination were obtained. * Rectal {’~,~t]lil]ii[lf)[li
were carried out on all persons 1(1\(..ll\ (11”,1<(.

This included examination (~f’[I]< tlt <s t’tlr IJICXX1

(guaiac testing of the feces on lin~(l i ,,L ~.ind, ill

the case of men, palpation of tht. lJIf~\I:IIv <land.

Chest plates were not taken rou[il]tli I)([[ t,rrc (Ib-

tained on about 30 adults >4(J 1(’,it~ ~jl’,iqr (and

on certain other cases were indi(,[t[(l I * * Hrma-

tological data were obtained :it~(i Jt(t( ,Iiailat]lc

for e;’aluation.
In detection of possible leuken~l:~ \(,{- })rcclinical

evidence of incipient leukemia ) tt]{ l\ l]~pt~ nocles

and spleen were carefully examin((l. and hema-
tological data were taken includill~ 1~]~ltine hcmo-

grams, percent basophils in a !(H)(J ~~hitc cell

count, and alkaline phosphatase rsanlinatiorrs of

the white blood cells on differential sl]~cat-s.

GROWTH AND DEVELOPMENT

STUDIES IN CHILDREN

In addition to the routine pediatric examina-

tions, certain special anthropomerric measure-

ments on the children were recorded. Such data

included age, weight, stature, sittin< }leiqht, head
circumference, biacrornial tvidth. I)i-iliac ~vidth,

and calf circumference. Rorntgen[)qraphs of the
left wrists were studied for skeletal rn,~ruratiorr.

AGING STUDIES

.A detailed report of the procedl]r(~ [JWCI in the

studies of aging criteria in the Rt)[)q(’iap people
was published in the last report” ,irl(l ti ill not be

repeated here, The battery of t[.iti 111.i[ Il,ld beer]

*\Ve tvish to thank I)r. (;enrmmc B,IIII r ,1 \!, 11111.11 SIII, III-

Krllering (lancer (:entcr, X )’ (: III, II I,, l!< 11111111 II III(

Pqmnicolaou smears.
●*\ve ~rc ~ra~eful to Dr. Paul I.lctltt,l.i\l ,,1 1<,<, hi Illf, ( .(.l)trf,.

[.,1., N. Y,. for interpre{a:lon of’theche,[ ,(w,t., t ., ltr.

loss and retinal arteriosclerosis, were used again

during this survey, since interesting trends of age-
dependcnt chanqes had been observed. During

this survey. as in the past, aging criteria ~vere

recorded on adults aged 20 years and over. of

the 1:;() adults examined 45 ~xere in the exposed
qro(lp and 8.5 in the larger comparison population.

l:r(jrn Table 2, ~vhich shows the aqe distribution,

it ~an IN srrn that it ~voulc] have been desirable

II) I],i\r had more people in the upper aqe hrack -

tt (It tll~. ix)mparison qroup.

( )[ Itlt I “1a~inq criteria studied, 8 ~~rrc meas-

llN(I (lilr.~tiy and 6 }vere estimated on a 1) to -I+

s(:II<>. l:i~c tcs[s inlolled the integument: ( 1 ) skin
I()(jsncss, (2) skin elasticity (retraction time), (1 I

wtiile chan:cs in the skin. (4) ,qrayinq of the hair,

.IrId [~)) baldness. Three tests involved the special

w.nsc orqans: ( I 1accommodation, (’2 ) visual ac~ti-

[y. :i[ld ( :~) arcus senilis, The cardiovascular sis-

r(.n] tias rested by ( 1 ) systolic and ( 2) diastolic

prmsurc readings. and (3) estimation of cleqrcr of”

~xriphcral arteriosclerosis, There tvas one test of

l~t>llrot~]llscLJlar function (hand tally count). \“i~or
i~as measured by hand stren,qth measuremr~~{~

ivith a d~narnorncter,

Because of sex differences some of the above cri-

teria were evaluatc(l .t’parately for the two sexes;

t}lose ~vere baldness. !l(.uromuscolar function, and

hand strength,

In orcier that the (itimated and measured data

could be compared .ind combined, both types of

data \vere converted ro a percentage scale. The

estimated values (), 1 +, 2+. 3+. and -1+ ~vere
)j ~(), 75, and 100”; respec-presented also as O, -., .

tilrl>. In rhe case ofthe measured data. the values
associated ~vith least aqinq ~~ere taken as 0’;

(sometimes the hiyhest readinq as tvith hand
strenqth; sometimes the lo~~est, as ~i’ith visual acu -

it~ I, and those indic-atiny most aqinq as 100’”;.

‘1’he data Isere examined on both an indivicioal
b;lsis and a population basis, :i mean aqe score

ivas ol>tair~rd for each individual by averaqinq all

his percent test values. In studyinq population

trends. means Ivere calculated for each criterion
by ~->ear aqe groups (in most cases) including

con~bincd exposed and unexposed populations;

these ~sere plotted ancl a curie ~vas draivn accord-

ing to [lie I)cst fit by eie. .-\curve ivas obtainecl in

rh~. s.iII~{. t~a} ofthe .-)-year qroup rncans of’ the

IIIti I\ I(i Ilal mean a~e scores. ‘!he combining of
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scores into 5-year age groups was done to reduce

possible errors due to the uncertainty of the exact

age of some individuals.

DENTAL SURVEY

Dental examinations were cart-led out on most

of the people on the island, particularly those re-

quiring dental attention.

LABORATORY PROCEDURES

Hematological Examinations

Complete routine blood couIlts wrre car-rid out

with repeat counts on any persons sholvinq almor -

malities, White blood counts and red blood co[lnts

were obtained with the electronic (hulter. which

again proved to be a very satisf’a(’tc)ry instrument

for examinations of this type in the field. l)ifleren -

tial counts were performed in the usual manner

after staining with Wright’s fluid. Platelet counts
were done by phase microscope, Hemoglobin ~vas

determined by the cyan- hem~)globin technique

with the Lumitron calorimeter, hut only 49 deter-
minations were possible because of breakdown of

the Lumitron. Hematocrits were obtained by the

microhematocrit method. Reticulocyte counts

were carried out in 16 people who had low hemo-

globin values. Serum proteins were determined

with the Hitachi refractometer. Blood and serum

samples for certain studies to be described below
were collected and kept under refrigeration and

finally shipped back for study.

Urine Analysis

Routine urine analyses were done on almost all

people receiving physical examinations. These in-

cluded determinations of protein and hyperglu -

cosuria by reagent paper strips. *

Serum Examinations for Calcium,
Phosphorus, and Protein Baund lodine

These studies }vere carried ()[it in six of the chil-

dren in the exposed qroup of rlw qrow tb and de-

velopment study.**

Serum Iron

Serum iron determinations were performed in

the 16 people who were found to have an anemic

tendency to see whether deficiency of this element

might be responsible. *

Serum Gamma Globulin Studies

In previous surveys extensive studies have been

made on certain ,geneticallv inherited character-

istics such as blood groupin,qs, bapt{~globio and

transferring, hemoglobin types, ~lucme-6-phmphate

(lch!”drqgenase activity of red cells, ~-anlino-/.w -

t)~lt>ric acid excretion, etc. one type of qarrlrna

qlobulin had not been previously studied in the

RonSelap people, and 149 sera ~vere collected dur-

inq this survey for determination of the Gm type

of ,gamma globulin. The determinations were car-

ried out by Dr. A.G. .Steinberg of \\Testern Reserve

University and his collaborators and rclx)rted

along }vith the same observations on other pq)ula-

tions;’ the methods used were also reported.

Radionuclide Body Burden Evaluation

The methods used in the radionuclicl~ Ix)dy

burden evaluation are described later in a separate

section.

Results and Discussion

The census {,!’ Rongelap people in March 1961

was 334, of which 81 were in the exposed qroup

(including 4 children exposed in u(ero at the time of

the accident); l:] were children of exposed parents,

and 220 were unexposed people; Table 1 sh(w’s

their location. In Table 2 the population is broken

down accordiny to percent distribution in various

age groups and co;~pared \vith that of the \lar-

shall Islands as .1 \vhole for 1948-1950 and of the

United States for 1960. The table also shows the

median age. The lo~ver median age of the %lar-

shallese would tend to support the impression that

their life span is shorter than that of people in the

continental United States, but there has been a
“population explosion” in those islands lihich

might account I(m this discrepancy,

-,.
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Table I

I.ncation of Ronqelap People

Exposed
. . . . ...— Unc xposed

( :hildr-cr)
.\dult (Ihildlcn oltwpowd” p<ilcnls :\dult (:hildren “1’ota[

hlajur{) ) J
Kwajalein 5 )

Ronqelap -4I )-,

Eni\vetoli 1 1)
Other atolls ) I

-rotal 51 1I

Tiibk 2

Percent Distribution of Pop(lla[i,,l] II, \: I ( ;IIILIl).

Ronqelap
Ronq]ap exposed ( I I (I

unexposed people. l(ll; l .
(~~~ includes \l, !l.l) ,111

people, chilc!ren of” [.1,,1111. L’ h.

.Age, yr ]961) exposed adults ) ,], )[:; .”)(l, 1’)0111

<1.j 45.4’7 .3[) ()’ , {{;;’ .!8 7’,

(5-24 12.3 13,8 Ii{’) Ii[{
Y-.+J 23.6 1~,~ :-, ,, )7 1

45-64 14,1 10..; l-) -) ;()/)

>63 4.5 8.6 i ‘4 !) 6

?vIedian

aqe, yr 19.5 14.5 jj(, J{) j

—.

Of the 33-I Rongelap people, 207 ~(cre exam-
ined during the survey on K~vajalein, Xla,juro, and

Ronqelap. In the exposed group 47 adults, 25

children (age <20), 4 children exposed {n u(dro,
and ’28 children of exposed parents were examined,

and in the unexposed comparison population 77

adults and 86 children.

INTERVAL MEDICAL HISTORY

Mortality

No deaths occurred durinq l!~(il in Ihr exposed

or comparison population except li)r [w{) infant

deaths. The four deaths that bad t), ([]rr(d in the

exposed ,group over the 7-)ear pm[-(,\]x )il]re peri-

od represent a rate of 7. I per 11}1)(~ Ix)l)tllation.

which is about the same as that r(,l)i)[~(.(1 (’t~rthe

Nlarshall Islands as a whole ([~.t{ 1x1 1~1~)(). “[’he

unexposed population on RfJn:~l,llJ lsl,iIl[l his

) () 8 .?{

]() .!(J ~(1

,!,
.,, 1).t w ?11

(1 I 1 t)

[1 8 i 1“)

:; I[)i 117 .;.\+

taricd, hut qt. nerally increased, since these pmp]e

were tirst exarnirred in 1957, but the death rate in

{Ilis <roup appear-s to he about the same as in the

t,xp(h(’d Rt)nqclap qroup,

Births

Since the number of child- hearinq fema~es ~~iis

not the same in the exposed and unexposed popu-

lations, the birth rate for 1960 ~vas calculated on

the basis of number of births per ~voman of r-hild -

bearinq aqe, considered to be from 16 throuqh 45

>cars. ‘rhere Jvere 20 such }vomen in the exposed

~roup and 29 in the unexposed group (not includ-

ed in either ,group ti iI t, 4 unexposed ~vomen whose

spouses }vere expose~ I males ), In the exposed group

7 babies were hot-l]. qiving an averaqe of 0.35

births per women, and in the unexposed group 11

babies, giving about the same average (0.38). The

deliveries were reported to be full term and nor-

mal, except that one unexposed women ( ,No. 867 )

developed severe post -partum hemorrhage and
shock arlc~ ivas sent to the Memorial Hospital at
hlajuro, ~vhere her Fallopian tubes were tied.

Congenital Anomalies

one hahy. born of unexposed parents, ~vas

anenccphaiic and died several days after birth.

‘I_he first instance of congenital anomaly in a child

of exposed parents ~vas reported during the past

year. This \vas a congenital beart defect in a baby
tmrn of an exposed mother ( No. 75) but unex-

posed father. ‘1’he baby died at fbur months ofaqe.

Unk)r-turrately the diaqnosis ~vas not confirmed by

‘iutopsv. :\ low incidence of patent ductus arteri -
oi[ls. t~)nqcnital deformity ofthe hip, and conqeni-”

I:LI hi pol)lasia ofthe middle phalanx of the fifth
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finger has been noted previously in children in the

unexposed group, but not in children of exposed

parents.

Miscarriages and Stillbirths

During the past year two cluestionable miscar-

riages occurred in the exposed women, and two

miscarriages and one other questionable one oc-

curred in the unexposed women. Thus, during the
past two years the incidence of miscarriage ap-

pears to be no greater in the exposed than in the

unexposed women, and the previously repot-ted

suggestive increase in incidence in the exposed

women is no longer apparent. Unfortunatc]y it

was not possible to have a physician examine the

products of miscarriage.

Illnesses

There were few major illnesses reported in the

Rongelap population during the past year. Two

unexposed people were hospitalized for surgical

procedures: ,No. 867, as mentioned above, had her
Fallopian tubes tied following severe post-partum

hemorrhage, and No. 855 had a hemorrhoidecto-

my; recovery in both cases was uneventful. N’o

epidemics of disease occurred in the population,

and the dispensary record of the health aide

showed the usual number of cases of upper respir-

atory infections including a notable number of

cases of acute bronchitis. Gastroenteritis was fre-

quent as noted in the past. A number of cases of

otitis media and skin infections including the prev-

alent fungus and impetigenous lesions were treat-

ed, and also a small number of minor wounds and

injuries.
In spite of the complaint at the village meeting

of sickness from eating fish, the health aide re-

ported no cases of fish poisoning during the past

year. He did report that several members ofa few
families had developed a sickness 8 to 24 hours

after eating arrowroot flour (as mentioned at the

village meeting). The affected people developed

inflammation and burning of the mucous mem-

branes of the mouth which persisted for about a

week. Several also had diarrhea of one-day dura-

tion shortly after eating the flour. These illness oc-

curred at two separate times, in June and Septem-

ber 1960. Since most families tvere not sick from

eating the arrowroot flour, it ~vas concluded that

in the families in which sickness developed the

flour had not been properly prepared, It is known

that improper preparation may result in the type
of sickness described.

During the interview the health aide admitted

that some of the people had at times eaten coconut
crabs in spite of the fact that they had ht.~~n rc:.

quested not to. Since the individuals involved \\cre

not named, it ~vas not possible to attempt to c{)r -

relate Sr”” urinary levels with crab in~estion.

ADULT EXAMINATIONS

Table 3 shotvs the various abnormalities no~<’[1

in the exposed and unexposed adult pop~lla~i{~l~

examined. In .Appendix 6 the various clinic:ll lilltl-

ings are enumerated for each individual.

Certain abnormalities such as nli)(i{’r-:~~{ l,,

severe arteriosclerosis and cataracts sho!i<(i .1

higher percentage incidence in the exposrxi <r-,,111):

howe~er. the increases in both cases \vcrc Iiktl/

related to the iarger percentage ofoider l)to~)t(

in the exposed group. In the exposed qr(l~ll) 2{]’

of the adults were >65 years of aqe COJIII)’!J, ,1
with 7’;: of the unexposed aduits. Takin< [t Ii. ~11(()

consideration, it does not appear that tht ‘11,114! -

realities in the two groups are very diRer(lll. III(I

no evidence of any increased incidence ot’(i(qttl-

erative diseases or other diseases is apparent if) [It<

exposed ,group. +verai of the eider people ir] tll{’

exposed group 1.So. 57, F, age 107; No. -W, \l. t~ut.

86; No. 55, M, .iye 82; iNo. 56, F, age 78; :ill[i X~~
28 F, age 75)Snowed marked infirmities Of[)l(i tl~~’

with such flnditlgs as arteriosclerotic heart ciis<.:i~t,.
kyphoscoioisis, osteoarthritis, and cataracts \i1111

blindness and had to be assisted to the exal]~ll],r-

tion room. Only two unexposed peopie w{’rt” ill

this age bracket ( .So. 86’2, M, age 88 and X(). ‘I II,.

M, age 85). They showed simiiar infirnliti(i, I)(1[

couid lvalk alone.

Cancer Detection Survey

Examinations as thorough as possibir ~ll](i(r

fieid conditions ~vere carried out for the det[<t IIII]
of malignancy. ilii tumors inciuding presun],ll)lf

benign tumors lvere recorded. No maii~nat]t 1(-

sions were detected in either the exposed or u[N’x-

posed groups.

Peivic examinations were carried out [)11 [I)c

sexually mature femaies (except when prcyn:il)t).

Cervicai erosions, lacerations, and proiapsc J\c’re

noted with ,great frequency. Papanicoiaou’s st.iir~-

ing was done on vaqinai and cervicai sl]]cars.
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Table 3

Physical Findings in Rongelap Adults, 1961

Exposed (47 examined) Control (77 examined)

Subject Nos. , , Subject .Wos. ,.

Anemia, anemic tendency

.Arteriosclerosis. peripheral, milci

.\rterioscIerosis, pcripbelal, mtdcr<itc t(]sc~cr<

.Auricu]ar fibrillation ,vith M>(K ardial d.i II),I<t

Blindness
Cardiac enlargement
Cataracts
Cervical prnlapse
Cervical erosion
Cervical Iaceratinns
Cnrqenital defects

Dislocation ofhip
Prominent head ulna
Bilateral shnrteninqnl.-)th Iingcr
Polydactylism
Shortened Ieft thumb

Colloid goiter
Cornea] ulcer

Cystocoele

Cyst, perineal
Dupuytren’s contracture
Deafness
Diabetes mellitus
Emphysema
Funsus infection, skin
Furunculosis
Gymecomastia
Hydrocoele
Hallux valgus
Heberden’s nodes
Hemiple:ia. partial
Hemorrhoids
Hypertension ( >140: !)0 )
Hypotension
[nguinal hernia
Kyphosco[iosis
Leprosy, arrested
Yfwrcardial damage or insufficiency ( EKG I

1N\3tagmus
Obesitv

Osteoarthritis

Prolapse of vaginal lvall
Prostatic hypertrnphy
Rheumatoid arthritis ~? }
Senility
Strabismus
Tonsi]ar hypertmphy
Tumor, benign

Ulceration, Inwer colon
L’pper respiratory infection
\’aricose veins
\’itiliq3

18, 2?. .10, .\-+,.\!l, 49,
.5{1,60. (A, 70

11, .>.2

.-)7

1,11

I 1,.10, 49
7, 40.60
M. 3.5

I.\, 32, 56.57
77
46.56, N)

I 28, 49. .-)(),60, i I .
74, 78

1.}, ?9, -!(;, .5.2, 5.5, 56,
57. (jo

63, 64
11, 2!), 8?

21.:{

4..$

1!),1

l..~
2.1
83
21

1.?/{
21
x .’)
i{,.-)

2.1
(), k

2.1

2.I

+..3

?. I
2. I

(i.+
(i. i
4,3

2.1
4..)
,)-. 1
,2,1

11).ti

8..>
2.1
(i.4

17.()

17.0

4.3
().4

64
,) ,)b.-
4..}
(i.4

) )---
(), +
) )---

829.841, H-!:\,85?. 858. 8tio,
865, 914, SIItj, 928, 9.12

8.31.85’2.8.58.8.59, 878, 8[14.
894, 898, W). !)1 7. ‘).-16.
957. 9(;9. !)70, 973, (Ill?

W\, 8(;(), 947, ‘l(i~

8-):i, 838
8.i\)

9-)8
~()!)

853.916, 964
853, 893.918, W), 991
8.”)t

9fi 1

8’?(). x { 1, K;:;. 8w, !):}4

85.). 87.>. 88C). !J(i4, !)(;9, !)7[),
(I;.1

(yJ4
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None was positive for malignant cells. It was noted

that the secretions were scanty in most of the

women, and the smears were consequently some-

what dry. Inflammatory reaction with the pres-

ence of blood in the smears was common. Endo-
cervical atypia was noted in a number of cases.

The results of these examinations are reported in

Appendix 6.

Rectal examinations were carried out on all

adults, and proctoscopic examinations ~vhen indi-

cated. Several cases of prostatic ct~lar~rl]lcnt \tt’t(’

noted, but no evidence of maliq[lal~c} ti:li ,Il)lml-

ent, An ulcerating lesion ~vas l~tj[~’(1it] .[ [JIi-i (’,]1-

old female in the exposed ,~r[]~il) ( .X(). }()) ill [l~c

upper rectum. Scrapings fron] [tll~ ‘it(’a Indi(atrd

that it was an inflammatory! Itsi{)n all(l not

malignant.

PEDIATRIC EXAMINATIONS

During the 1961 survey, l.-).-)LI]il(lrcn wcrecx-

amined (Table 4). Al] exposrxl ~llhjccts in the
pediatric age group ( <20 )tar~ ) 1, trr seen except

for two (No, 67 and No. 76) Jil~t} t~ad n]oved to

other atolls. The increase in nu[]~brr of’ noncx-

posed children of exposed parents represents ne~v

babies born since the previous sur~cy, New. babies

also increased the total of nonexposed Rongelap

controls, even though a number olchildren either

became old enough to be transferred to the adult

study or were lost to the study because of n~i,gra-

tion. The exposed and nonexposed group at

Majuro were all 6 years of a~c or older. All non-

exposed children of exposed parents were <6

years old. Of the 88 nonexposed Konqelap chil-
dren, 38 were <6 years of age,

The incidence of various ptl}sical findings is

summarized in Table 5. .4denopathy ~vas defined

for the purposes of this tabulati,)r] as the presence

of(a) nodes 0,5 cm or larger in ail areas (cervical.

axillary, and inguinal), or ( h) nt)dcs 1,() cm or

larger in the axillary regions. {Jr (c) nodes 2.() cm

or larger in either the cervical or ir~<uinal areas.

The term “active chronic in~lx.[1~()” includes sev-

eral types of superficial skin il]li’~ti(]ns. ,\lanv of’

these lesions probably rcpr(>s(l~t(’(1 w’condary in-

fections of lacerations and iil)rasiflns. The inui-

dences of otitis media and aclttl,,l)a(hv ~xerc rc-

Iated to age, both bein~ nl(wc r(,[]l[]](,r] in )olln~cr

children. Clinically active ctlri)llii lll]l)v[iy(~ Li,is

also found more often in [1)(’ \(~IIIIq(I (tlii(lr(l]:

Table 4

Children Examined

‘l’ot<ll 110 25 N 1.>5

ho~vever, its incidence ~vas higher in the exposed

children (althouqh the ,group ~vas older) than in

]]onesposed Rong-clap children of comparable

aqes. Its incidence tvas also higher among the non-

cxpowd ~lajuro children, who ~vere all in the (Jld-

cr qroup. :\s in 19.59, the pattern of physical fincl -
inqs seemeci unrelated to exposure to racliatif)r~.

Growth and Development

Durin% the past several surveys considerable ef-

fort has been expended to establish as firmly as

possible the act [racy of the date of birth for each

child, The mc[l I( al survey records provided relia-

ble ivritten dal ,{ for children born after lMarch

1954 and for w,llle born immediately before the

fallout. For tht. ,,rher children, however, the task

ofdetermining I)irth dates proved to be difficult,

frustrating, and unsatisfactory, The reconstruction

of the birth chronology was based on an intensive

study and evaluation of very frequently contra-

cfictory information derived from the follo}ving

sources:

1. l)ates of’ birth as reported by parents.

2. Dates of birth as recorded occasionally in the

village ledgers used for various purposes.
}. [.imited number of birth certificates on file

at the court house on Xlajuro.

4. Birth order ofchildren ~vithin each larnily

unit.
3. Ranking of childhood population in terms of

a<e by parents.
[i. Ranking of’childhood population in terms of

aqc bv children,
7. (k)rrelation ~vith memorable environmental

cfents,
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Table 5

Summary of Phvsical I:inrtings in Children

{:hmnic inlpeti~t) (active)
hlolluscurn conta<i[)s~in)
Tinca vcrsico]or
Tinca cruris
Chronic o[itis nledia
Acute otitis media
Palpable liver (over .i CIII )
Adenopathy
Cheilosis
\Varts
\’itiligo
Furur,cle
Rash

H
()
()

I
()

II

I
.I
()

{

[
II

(1

1
()
(1
()
()

1
()

I
1
I

(1

I
(1
()
(1

{
)

()
()
()

.!
()

.!
I
\

1
1)
[)

*.Number examined

For-the Ronqelap p[)p~lla[i<)r~ a t,~l~le<)fn]t)st

probable birth dates ~vascventll,~lll iiorkcdout.”

Although a few inconsistencies ar~(l ~ln(ertain[ies

still persisted. these dates of birth Itcrr {x)nsidered

to be best estimates and ~vere used in calculating

the ages of the children for the anal}ses. Biologic

compatibility of the birth dates ~vi[hin each fami-

ly group was carefully checked, and physiologic

compatibility of status and age for each child ivas

examined.
With the establishment ofa presumptive date

of birth for each child, analysis of the qrowth and

development data ivas undertaken. ..4nthropomet-

ric data obtained during 1958, 1959, 1960, and

1961 were used in the initial analysis. * Gro~vth
data from examinations prior to 19.j8 had been

collected by several different observers. and this

earlier material will be tabulated and analyzed in

a subsequent study. .-\lthouqh a number of physi-

cal and physiological paratneters ivcre measured,

the present analysis ~~as limited t{) stature. weiqh[,

and skeletal age. In the very }r)un~ aqe r+oups
head circumference data \icrc also r~aluatcd

The study population ivas di~icfcd into 3 groups:

( 1 ) children born before the fallout .ind livinq on
Rongelap at the time of fallout ~cxposccf qroup).

(2) children born before the fallout I]ut not li~iny

on Rongelap at the time oftallout ((t]n[rol qroup),

(.; ) chilclr-en born to mothers who were prcqn.in(

Iihen exposed to fallout (exposed /n u/ero qrol]l)),

(4) children born subsecluent to 1 January i!~.-)i [()
parents one or both of tvhom }vere exposed t,) t~~ll-

out (exposed parents qroup), (5) children I>t)rn

subsequent to 1 January 19.55 to parents neithrr

of ~ihorn tvere exl)lied to fallout (control group

for exposed parerl[. qroup).

Because some 01 [he distributions encountered in

these data did no[ :] ~Nly approximate norma]ityor

e~en symmetry {)t {Distribution, and because manv

of the ~roups ~verr [(JO small to justify makinq any

assumptions about the parameters ofthe popula-

tions from which tht samples Ivere dra~vn (ancl in

many instances too small to pcrrnit calculations 01
any meanin#”ul rnra~~lrr (Jf~ari ability), all anal~iis

of clata tvas done l)> nonpararnetric sta[istlcal
me[hocls.* ~111n]raii]rm ofcentral tendency nlen -

tioned Ivere medians. and all qraphic presentations

cornparinq qroups u cre plotted in terms of’medians

of”the qx)ups. ,in~ descriptitc ciifi_erences betl~een
qro~tps mentioned !iere dillirences het~veen medi-

ans. .\ll tests for siqnificancc~ ofdiflkretwes bett$een
groups, IIn]ess othcrivisr specified. utilized the

Kruska]-f$’allis or]c-~!”a)” ana]f”jis of~”ariance.”

l]ecause the cumparis(~ns (J~S!ie[etal ages and

cbronoloqical ages invoiird related distributions,

the \Valsh test ‘“ and the \\’ilcoxon” matcheci-pairs
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signed-ranks testl I tvere utilized in te$ting cliffer-

ences in these data. The more pot~crtul \\’alsh test

was used for the comparisons on children exposed

at between 1’2 and 18 months of age because of the
verv small samples involved, The \Yilcoxon test

was used for the comparisons on the other children

because the larger samples ~vere beyond the func-

tional range of the \$:alsh test, The Spearman

rank correlation coefficient ~vas utilized as the

non parametric measure of correlation.
Comparisons were made (a) be[tvcen the tivo

sexes for each age separately, ( b ) bettieen exposed

and control groups for each sex and a~e separate-

ly, (c) between exposed and control groups for

each age separately with the sexes combined, and

(d) bet~veen exposed and control ,qroups for each

sex, aqe, and year of birth (or a~e at exposure)

separately. These comparisons hate been sum-

marized ,graphically (Figures 8 to 13), and the

results of the comparisons are shott n in Tables 6

and 7.

Height and ~veight data on children I)orn befijre

the fallout sho~sed the expected p.it[ct-1] (Jfpubcr-

tal gro~~th spurt occurrinq ear[icr i]] ~irls than in

buys and the eventual superiority> ill iizc 01”IXI}S

MEDIAN DIFFERENCE

‘SKELETAL ‘GEISAI
MINUS CHRONOLOGICAL AGE [CA] )
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4GE AT ExPOSURE

I’iqure l.-)

at rnaturitv, In ac]clition, ivith respect [() ~ta[t]rt,.

there I$as a c]istinct tendency, amonq ttl[, lx)i i

only. at < 1’2 years Ofa%e, for the exposed q-rt)(]l) t{j

be shorter than the unexposed. This difrerenct. t, ,1.

prominent in bo>s exposed at <6 years an{l I]loi[

marked among those exposed at aqe I rear, tl](

latter being those aqed 12 to 18 months at the [i[[i{

of the fallout, ..\ similar trend, but much IGS5{ii. -

tinct, was also OCJ{[l in body weight anlon~ [t~t

boys, NO such pat[< rns in gro}vth curve variatit~rls

between exposed :,])[1 control groups ~vere not((l

among the qirls.

Among the chil{llcn born after the fallout, tht

males with exposed parents ~tere smaller in statur{.

at all ages than those ~vith unexposed parents, ‘1’ht,

difference tvas most marked at ages 1, 1. and !
years. The cli(~erence in stature was qreatmt iI]

boys born <2 >ears after the fhllout. The n~aqr]i-

tude of the differen(r dccreascd It-ith increasin<

aye. N’o difrerencc t]ett~-een children ~iith an(l
tvithout historv of’ p,~t-ental exposure was noltd

for head circumferences and body \tei:ht.

.-\lthouqh the q-o~vth data fim children exix)std

/Nu(~ro ~vere examined separately, the small nun]-

her of individuals in this cateqory prevented ade-

quate statistical analysis, Hereafter the child]rn

exposed iN ut~ro ~<ill be included in the gro~tp di-

rectly exposed to f’hll(lut,

R(mntgenoqrams ot the Icft hand and \\rist \\err
ol)tainrd in 1!)59 and 1961, In the limited 1!)()()

surl(.), no x-ra}

ro(’rltqe[loqrzlrlls”

studies ~vere done. ‘f_he available

Ivcrt assessed by using the inspec -
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Table 6

Comparisons of Body Weight and Stature Between Exposed Children and Their Controls
(M = Male; F = Female; E = Exposed; C = Unexposed)

Comparisons Body weight Stature

M VS.F F spurt at puberty earlier

(each age separately) than M, but M > F after

E & C combined puberty. F>M at age 13.
M> Fatage7.

E VS. C No significant rfifkrence.

M only
(each age separately)

E VS. C No significant cfifi_trence

F only
(each age separately )

E VS. C No siqnilic;i]lt clIlltI-tII, c

M & F combined
(each age separately)

E VS. C* No apparctl[ cl IlliIrnce.

M only

(each age separately,

each age at exposure

separately)

E VS. C* No apparen[ (l[tlir~,nce.
F only
(each age separately,
each age at exposure
separately)

F spurt at puberty earlier than M, but M >F after puberty. F>M
at age 13. M> Fatage 15, 16, 17, and 19.

“rendency to~vard E<C before age 12 by 4.4 to 8.5 cm. E<C signifi-
cant at aqe 7 and 8.

N,, ~iqnificaot difference.

X,, .Iqlltlic ,ir]t {Ii Florence.

‘1’cr)dency to!,ard E<(: in children exposed bef{~re age 6, most ap-

parent in those exposed at age 1, who }vere 4,9 to 6.3 cm shorter with
the diflcrence increasing \\ith increasing age, and E<C. significant
;Lt .IKC 7 and 8.

X() apparent dif~crcnce.

Because of small numbers in each ~r,,up, the groups were compared graphically, except where the graphs suygr-.tcd cer-
tain combinations which could bc (rm]parrd statistically.

Tab]e 7

Compariwm of Body Weight, Stature, and Head Circumference PM[ween Children Born
tn Exposed Parents and Those Born to Unexposed Parents

(M = Male; F = Female; E = Children of exposed parents; C = Chilclren of unexposed parents)

Comparison Head circumference Body weight Stature

M VS. F
(each age separately)

E & C combined

E VS. C
M only
(each age separately)

E VS. C
F only
(each age separately)

E VS. C
M & F combined
(each age separately)

E VS. C*
M only
(each age and each
year of birth
separately)

Evs. C*
F only
(each age and each
year of birth
separately)

M>F at a~e 3. Tendency
toward Xl > F at older a~es

but not significant.

No significant dif~erence.

No significant dli~erence.

No sigmficant difference.

NO appaler)t dllli. rence

No significant difference.

No significant difference.

,No significant dif~erence.

No significant difference.

Nu ,lpparent difference.

Y{, ,tl]lxlr{r]t (Ii Florence.

No significant difference

‘1’endency toward E<C at all ages by
1.8 to 9.9 cm. Significant at ages 1, 3,
and -1.

No significant difference.

No significant difference

E <C difference greatest in children
Ix)rn 2 years after fallout. In these chi~-
(Ircn. difference is significant at ages 3
and 4. E<C difference diminishes with
Increasing age.

X() significant difference.

*For these comparisons, mos[ III I II( ,urII\IpS king compared were so small that it would have been impossible to dem-
onstrate statistically significant (1111{.tIII( v~ “[’hew groups were therefore compared graphically, except where the graphs

suggested certain combinations i, }},( Ii ( (NIld lx cumpared statistically.
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Table 8

comparison of Stature ( 1958 Through 196 I ) of Children With Retarded Osseous Development
\Vith That of Their Next ‘r’oung-erSibs

Stature, cm

Sex Born 1958 l\)jrJ ] ()[j{) l!)t)l

Subject ( S5) N1 10,20 52 9.5,7 98.8 102. ? 104.8
Sib ( z85) xl !) 7 j.i 95.5 100,9 108.0 II.?-)

Subject
Sib

Subject
Sib

Subject
Sib

Subiect
Sib- ( z84j N1 -1 .}1 54 94.2 !)tl.t; 104.8 101) 7

Table 9

Skeletal .Aqes in 8-Year-Old ( :hildren

Skeletal aqe*
Age at Chronoluqital ——-—

Subject exposure, age in 1!)61, In In
No. Sex mo }r 19,59 I961

2 M 16 ~ y? J %,: ~ $),>

3 M 17 8 54? ?10/,2 j

5 M 16 8 ‘IZ .~ ?42 3 ’12
66 M 16 8 ~,1~ j W,l 6 “)J
33 F 20 8 ‘1~ ~ fi?,2 9 31)
54 NI 12 8 ’12 t 9 h’11
65 F 15 8 %! 3W) 6

814 M ** 8“12 5 %1 8

911 F ** 8 5 Y,2 8 [I?
955 F ** gla]l> t I o
9(j~ F ** 8 ~,’l? t 7 4.’,2

980 F ** 8 $[: ~l$y12 g

996 F ● * 8 +11 t 8!?4,

*Greulich-Pyle standards.
**Control.

tNo film,

tional method and the standards published by

Greulich and Pyle. ” As shown in Fiqure 15, the
following general trends were noted: ( 1) Both the

exposed and control Marsh a]lese children tended

to be less mature skeletally at comparable chrono-

logical ages than the norms published by Greulich

and Pyle. (2) Boys tended to be consistently less

mature skeletally than g-ids at comparable chrorto-

Iogic ages. (3) Exposed children, both boys and

Table 1()

Laboratory Data ( 1961 ) on Children Exposccl
to Fallout at .Ages 12 [o 18 Nlonths

Serum Serum Prt]t(.111
Subject calcium, phosphorus, bound if)clljlt.

No. m,q “; mq ‘} ./ 100”[Ill

2 9.40 4,61 8.()
3 9,24 4,06 8.8
6 8,36 3.25 10.7

65 8,56 4.:?4 7,1
83 8.84 4,26 8.1
86 9.80 4.12 12.0

girls, tended to be less mature than control chil-

dren. (4) When the children ~vere grouped accord-

ing to age at exposure, the exposed compared t{)
the control group ot both boys and girls tended to

be less mature, :Ilthou,qh these trends suggested

that the exposed children may be inferior in skele-

tal maturation to I]nexposed children, the di(~er-

ences did not reach the level of statistical si,qnifi -

cance. The retardation in skeletal development
was most prominent in the qroup of children ex-

posed to fallout at ages 12 to 18 months, As ex-
pected, there was a hiqh correlation between re-

tardation in skeletal aqe and inferiority in statur-al

,grow’th.

Of special interest was the qroup of children

now 8 years old Ivho ~vere exposed to fallout at

aqes 12 to 18 mont}ls. T}~e statural measurements

for these 5 children from 1938 through 1961 com-
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pared to those of their sibs are shown in Table 8.

Median height for controls at the chronological

age of8 years was 122.5 cm for males and 120.0
for females. The skeletal ages for these same chil-

dren as compared to those of chronological age

peers are shown in Table 9. Subjects X3 and =5

continued to show marked retardation in physical

and skeletal growth. Subject x65 has shokvn a

spurt in statural growth but continued to lack

somewhat in skeletal maturation. ~hlcium. phos-

phorus, and protein bound iuclinc ({{[crrllirl;~[i(]l]s

on these children are given in ‘1’at]lc 10. ( ~li[~i(all/
no indication of any disorder i[]icjlvil]< niil~cral

metabolism or thyroid function t$as ttp]}arcnt.

LEUKEMIA SURVEY

On physical examination no t.vidcncc of lyrn-

phadenopathy, spleenomegaly, or c)[her signs olleu-

kemia were detected. Hematol{)<ical examinations

showed no excessive leukm) tl)sis or incrrascd

numbers of immature leukocytes in smear-s. Baso -

phil counts on 4000 leukocytes on vach indi\iclual

showed no elevation of the bas(jpbil counts. /\lka-

Iine phosphatase studies* on the blood smears

showed that, although some people had low levels,

this finding was not associated with any other tind-
ings suggestive of leukemia.

STUDIES OF AGING CRITERIA

The results of aging criteria studies are plotted

in Figures 16 to 32. Indi~ridual readings are

plotted (circles), and also mean values for each 5-

year group combining exposed and unexposed

people (squares). The trend of each criterion ~vith

increasing age is represented by a line of approxi-

mate best fit by eye except in the case of handgrip

data for males and females (Fiqures 30 and 31).

which were found to fit the follokving formulas:**

2“=60 -0,405.4 (males);

1-=42 – 0.405.4 (ft:males)

where Y = handgrip in kilograms and .4 = a,qe.

The values of the criteria either increase or de-

crease ,generally with increasing aqe. Since the re-

*We are indebred to Dr. \\”.(: \lIIl(III(\ ,1INI \[I\\ I. II,L FIIcv,l

man of Boston Ciiv Hmpiral for carr\ III< I,(II Ihe Jlk JIIrIe plms-
phatase analysis (,f bkd smeats

**\ve are grateful 10 Dr. R. Hinch( 11111(II 1111SI, IIC (’l!llcrsl[~

of Iowa for making this obwr~ atifm

suits are similar to those in last year’s report, ~

which were given in considerable detail, a lengthy

discussion of the various changes will not be in-
cluded here. Again, little or no difference was ap-

parent between the exposed and comparison

groups of the same a,qe, and therefore no discern-

ible effect of radiation on the aging process ~vas

noted. Further statistical analysis is needed lht-

more adequate c~aluation of the iarious param-

eters and better estimates of biol{)gical aqe scores

Ii)r individuals. It is planned to repeat studies of

aqirrg criteria e~’ery 2 to :~ years.

RESIDUAL BETA BURNS

Kcsidual skin chanses from beta burns sus-

tained in 1954 \verc obset-ved with certaint) in

about 10 indiviciuals. Nlost of these residua (on-

sisted of mild chaoqes such as varying degrees of

pi~rnent alteration giving a mottled or blotch> ap-

pearance, sometimes accompanied by hypcrkcra-

tosis (increased rugosity) of the skin. Some s}lt)~ird
more pronounced changes than others. s~l(h as

atrophy and scarring. None of the residual 1{.si(ms

showed any gross tendency to changes asst)(iated

with the development of chronic radiation dcrrna-

titis. nor ~vas there any evidence of malignant

change in anv (1I”the lesions. As noted last year. in

a few cases pr(i lt)usly affected areas sho~vecl some

dark pigmenttfl maculae (Ientigo-like). i\ feiv ap-

peared as rai~((i moles. It is uncertain }vhether

these lesions ar ~ of casual development or related
to previous exlxmure. This type of pigmentation

was observed less extensively in the unexposed

comparison population. In 10 cases comparison of

pictures of thes~’ areas taken soon after the appear-

ance of lesions in 1!)54 and then more recently

showed that the maculae had developed subse-

quent to the Iesi(ms. (See Figure 33, ) Biopsies were

not taken this ) car but may be considered at a

later date for study ofthe histological appearance

of the lesions. In Table 1 1 are listed descriptions

of the residual lesions,

DENTAL SURVEY

A total of 59 school children were examined and

treated for caries prevention. Of these, 29 recluired

treatment such as tillin~s, extractions. and pro-

phylaxis. In thr total group 17 sho~ved some evi-

dence of enamel hypopiasia and indication of pos-

sible carious Iesiorls in the near future.
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Figure 33. Pigmented lesions in area of beta burn
(Subject %78).

A few adults were also examined and treated.

As noted in the past, people of age >40 show a

considerable amount of periodontoclasia. A few

cases of arrested enamel development involving

the occlusal surface of molar teeth were noted,

probably due to faulty nutrition during the forma-

tive period of the teeth.

No significant differences were found between

the Rongelap children and children of the same

age group on outlying islands in caries rate, erup-

tion time, or morphology of the teeth. It was esti-
mated that only about 10c~Xof the Rongelap adults

practiced good oral hygiene.

Laboratory Examinations

HEMATOLOGICAL

Summary tables of the hernatoloqical data are

presented in tables and graphs in the text, and the

Sex

F

F

NI

F

F

F

F

F

F

bl

Table 11

Residual Beta Burns

:\ge Description
—

Sli<ht scarring and piqll~<nl.l[i{)n
on left antecubital ft)ssa.
N!nttled spots o!l]i<rI~crit~ttio[i ,Incl

depigmentation on d[)lslil]i {~1’lie{.
hlarked pink-colored (Icplqrll(r]t{tl
scars on dorsum t)frixtl[ ({jot. [J,tr-
ticularly between Ist a[l{l ?IIII I(K.S.

Skin [iqht in scarred at[,.1. lMJ\iIICl

to subcutaneous tissues
Cc]rlsideral>le piqn]rrlt 1,~11,1111111.irlcl
hyperkeratmis on h,]c~ (,I rlt( k
Pigmented macular .trt.ti III 1(1”1

antecubit:il fossa JIId (l II I~i III I (II

feet.

Pigmented macul;ir (Ill ~Ll, IIA(l
on necklace area 01 Ii{, k 1,,, [1<II-

larly on riqht side. It,, t I.111: Iil

number?
Mottled hyperkcra[t,~l. ,!II 1~1~.
ment variation on hack ,,1 t[, A
Considerable pigment \.It 11111111111

back of neck and to .] XI IQ III 111<1((”
on right forearm.
Not seen this survey l’II\IIII.l\

showed atrophy and ~[.itr!ll~ (Ill
dorsum of feet.
Pigment variation and hl 1~11L<f<l-
tosis on back of neck. R,ii.({1 l)iu-
mented mole-like lesions (jrl .I,l,s (It
neck, particularly on Iel’t .I~l{. \l)-
pear to be increasin< ill t],]]i)l)(r

(see Figure 33).
\\hite nodular scar -an{l <(.11( 1.III/(cl

scarrinq and piqmellt \, II I,t II III I 1111

back of left ear. /\rca 1)1’ <[)llil \ .IIII.

pccia on Inlver occipi[.il I( :It,rl <It

head.

raw data on all individuals are presente(l l!) [he
. .

appendices. rhe more heavily exposed R{}[~gt.l:lf>
group, who received 175 r, are desiqt]a{f{l ‘Is

“Rongelap exposed,” the Rongelap prt)pl(’ l~l)o

received a smaller exposure of 69 r as “.lilit]~[]ac

exposed, ” and the lar,qer unexposed c{)[rl])iiriw)rl

population of Rongelap as “unexposed.’” Iht .i(lsr
of the small number of people in the .\ilill~llac

group ( 15 examined of 18), their data ittl~ r~()[

treated as fully as those for the larger qx)ups. and

are briefly summarized below, in a separa[(. p:tra -
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Table 12

,Mean Levels of Peripheral Blood Elements
of Expsed Groups Compared to Those of Unexposed Groups

Plate, }$’BC Neut. Lymph. %Iono. Emin.
(X10 ‘)

Ba\().
(Xlo ‘) (Xlo ‘) (xl O’) (xl O’) (X10 ) (X10 1

klales, 7-15 yr
Rongelap exposed**
.Ailingnae exposed t
Rongelap unexposed

Females, 7-15 yr
Ron~elap exposedt
.Ai]ingnae exposed
Ron,gelap unexposed

Males, >15-40 yr

Rongelap exposed
.Ailingnae exposed
Rongelap unex~sed

Females, >15-40 yr
Rongelap exposed
.Ailingnae exposed
Rongelap unexposed

hiales. >40 yr
Rongelap exposed
.%ilingnae exposed
Rongelap unexp(~scd

Females, >40 yr
Rongelap exposed
.lilingnae exposed
Rongelap unexposed

7,.3? 1.7
9.4

8.7:2,!)

8..-)21.7

78= 1.9

-).8 :1.3
7.() -=.}.2
6.7zl.9

(i.-l Zl,3
8.4
7.8*2.1

5.011.5
4.1

4.4t 1.6

.!)..l =1.2

.3.5

:$.721.2

Males, 7–15 yr
Rongelap exposed**
.\ilingnae exposedt
Rongelap unexposed

Females, 7-15 yr
Rongelap exposedt
Ailingnae exposed
Rongelap unexposed

Males, >15-40 yr
Rongelap exposed
.Ailingnae exposed
Rongelap unexposed

Females, >15-40 yr
Rongelap exposed
.-lilingnae exposed
Rongelap unexposed

Nlales, >40 yr
Rongelap exposed
.%ilingnae exposed
Rongelap unexposed

Females, >40 yr
Rongelap exposed
.\ilingnae exposed
Ronqelap unexposed

Hct., “; RBC(XIO I)

<7.7? 2.0
i7.2&0.8
.;7.1 f2.o

4.3.2 *4.4

.t7.4t4. o

.\4.6

.%64%2.8

454&49 ( 10)
456 (1)
452t39(ll)

453t29 (lo)
423 (.3)
4Q9&46 (17)

475t45 (4)

491~51 (15)

395t33 (9)
405 (~)
391t51 (15)

431t42 (9)
511 T-18 (4)
441360 ( 13)

.186t27 (lo)
42.5 (3)

41.\z.30 (lo)

:}.130.8 (), 1 30.08” ()..3 =(), I (), -) ‘ 1) I

.1, ? (),4 ().-l (), }

.3 IT I.2” (), 1 =().1 ().5 T(). + (1.(; - (} i

.j..j~l).tl (),1 Z(). I l),;~(l 1 [1.-] - ():

.~.+~().j (),l)4t().(}4 ()..jz(). 1 ()-).(1()1

},7-Y1.T) (J.1 .to.l () +:02 (1.-) + 1):

:j,.ltl. j (),1 :t(l l)!) 0.,+=( ).2 II-, .(II

.?.830.8 (). 1 to.()!) (),-!.ZIJ.6 (),1 .[1:

.?.611.1 (). 1 30.08 () 4tl)..j (). -, .[1:

2,6 ().()9 ().2 (1 \
?.8Z(), !) (), [ Z().()8 ().-!Y().2 I)i .11:

2.8:( ).6 ().1 t(J,07 0..J=().2 IIi .(11

3.()=1.() (),2 Z()..j 0.3 T(),2 ](1!1;

?.7 =0.!) (). ()610 .().j 0-+30.2 01 .11.”

‘?.7 T–().6 ().08=().()6 O..\to,? ()”) 1),

‘2.5 ().07 ().4 () -)

:j.6z l..\ () 2 .z().08 04>().4 ()-,.112

11,3 0,9(10) 7.4 Z(),2 I I 1
10.6 (1) 7.3 i,
11.2 --1)..3 (7) 7.4=().-)1 !111

11.37zo..5(l O) 7.720. ? {’11
11.6 (.3)

1 1.2 T().7 (8) 77:(1 {(1:;!

1().9ZI.4 (8) 74=1),.)(11)
97 (2) 7.5 {il

lo.6~1,0 (8) 7,3 T[I,8(J1,

*Standard deviation and number otpc,,ple in group
**Includes z ~hi]dren exposed /~11~1~’~~~

tIncludes 1 child exposed in u/(ro.
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Figure 34. Mean neutrophil and ~vhite blood counts o!
exposed Rongelap people from time ot rxposure throuqh
7 years post exposure. Stars represent mean values of
comparison population.
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plotted against age. Solid line represents mean level of
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~roups.
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graph. The data are handled somewhat differently

this year: because of certain differences notedin
age and sex groups between the exposed and the

unexposed, in addition to the comparisons of mean
levels for entire groups, comparisons are also made

for the age and sex groups of age 7 to 15, 16 to W,

and >40 years.

The data are summarized in Tables 12 and 13

and in Figures 34 to 50, In Appendices I and 2 are

presented summaries of the mean blood counts of

the exposed population and the ~,arious comparis-

on populations since exposure in March 19.54, In

Appendix 3 are listed the individual blood counts

for 1961. It should be noted that in 1960 only the

exposed ,group ~vere examined; therefore. the last

complete data on both exposed and unexposed

groups are for 1959. In .4ppendix 4 the individual

alkaline phosphatase and basopl~i] counts are

presented.

Leukocytes

The mean ieukocyte levels in 1961 \vere some-

what below the 1959 levels in the population at

large, while both exposed groups ( the only groups

examined in 1960) shotved a slight increase over

the 1960 level. Changing neutrophil and lympho-

cyte mean levels were generally parallel. .4s will

be brought out, a slight deficit in both neutrophils

and lymphocytes in certain age groups of the more

heavily exposed Rongelap people largely account-

ed for the lower leukocyte levels. The Ailingnae
group (69 r) showed about the same levels of the

various leukocytes as the unexposed group. The

mean level of leukocytes in the exposed Rongelap

people (175 r) ~vas about 6’7 below that in the un-

exposed group. The percentage distribution of the
various white cell levels in all ,groups was not ~>erv

different from that previously reported. Table 12

and Figure 34 sho~v leukocyte levels.

Neutrophils

The mean neutrophil count for the exposed

population was slightly (7.3’; ) below the mean

count of the unexposed comparison population.

(See Table 12 and Figure 34. ) Ho~vever, exami-

nation of the mean counts by age and sex groups
made it apparent that the deficit ~~as largely ac-

counted for in the young (age 7 to 15) and older

males (age >40 vears). This is demonstrated in

the histogram ( Figure 35) sho~ving the percentage
differences in the exposed and unexposed groups

classified according to age and sex, and in the scat-

tergram (Figure 36) showing the larger number of

individual counts below rather than above the

mean line of the unexposed. A cumulative per-

centage distribution curve of counts combinin,q the

younger and older males (Figure 38) sholvs the

curve for exposed males definitely displaced to rhe

left of the curve for unexposed males of the same

a,qe ,groups. Among the females, only in the older

~roup ~vere the neutrophils slightly depressed [see
Fiqures 35 and 37). In groups aqed 15 to 40 years.

both sexes sho~ved slightly hiqher neutrophil levels

than unexposed people of the same age.

Lymphocytes

As ~vith neutmphils, the exposed population at

lar~e sh(~~ved a slight (6.3(( ) deficit of’ lymphocytes

compared ~vith the unexposed population (we

Table 12 and Figure 39). Amonq the males, (mli

the youn,<er age qroup showed sliqhtly lo~icr l{.~-

els, ~vhile the three female groups all sho~ved I{nicr

levels, This may be seen in the histogram ( I:ir+]rc

~?.5),the scattergrams (Figures 40 and 41 ), and rh~

cumulative percentage distribution curve ( Fiqllrr

42).

Eosinophils, Monocytes, and Basophils

These al} shoii(<l slightly lo~ver levels than in

1959. The levels ofmonocytes and eosinophils in

the exposed groul) Irere somewhat lower than in

the unexposed grr)[lp. As has been noted previous-

ly, eosinophil courl[s >5CL of the total white count
were common in both groups,

Platelets

The mean levels of platelets in the various aqe
groups in both exposed and unexposed popula-

tions were about the same as two years previously
(see Table 12 and Figure 43). Hotve,,er, the level

in the exposed ,qroup as a whole, as in the past,

remained below the unexposed level by about

12(Z, .Age distribution scatter-grams for the indi-

vidual platelet counts in both males and females of

the exposed population shotved more counts bCIO\V

than above the unexposed mean curves (see Fig-

ures 44 and 45). This ~vas also borne out by comp-

arison of the cumulative distribution curves of

the exposed and unexposed populations, the for-

mer showing a continued displacement to the left

(Fiqure -46). The platelet levels sho~ved most de-

pression in the exposed male groups of ages 7 to 15
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and >40 years (see Figures 35 and 38). The con-

tinued depression is also indicated by the finding

of levels of <250,000 in 4470 of the exposed group

(including Ailingnae) but in only 25’% of the unex-

posed group.

Erythrocytes

The mean levels of hematocrit, red blood count,

and hemoglobin by sex and age group (Table 12)

showed generally lower levels in the exposed males

of age >15 and females of age >40 years. These

differences were not marked as in the case of some

of the other peripheral blood elements. The scat-

tergrams (Figures 47 and 48), cumulative percent-

age distribution curves (Figures 49 and 50) and

histogram (Figure 35) demonstrate this.
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Figure 40, Lymphocyte counts nfexposed Ron~elap males
plotted against age. Solid line represents mean Ievrl 01”
unexposed male population.
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Figure 42. Lymphocyte cumulative percent distribotinn
curves for exposed compared with unexposed population.

Morphology

No very unusual morphological changes in

blood cells were noted. A few bilobed lympho-

cytes were seen in differential smears of both ex-

posed and unexposed people, but no counts were

made. Price-Jones curves in the past have shown

a slight microcytic tendency of the red cells.

Ailingnae Blood Counts

Of the 17 .Ailingnae people, 1.5 were available

for examination. The levels of peripheral blood ele-

ments in this ~roup were generally very nearly

the same as in the unexposed population, except

that the platelets were still somewhat below the

unexposed mean levels for most of the age and sex

groups (see Table 12 and ,Appendix 3).
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Children of Exposed Parents

Peripheral blood elements of thildren with

parents of whom one or both haci been exposed

were compared ~vith those of children ~vith un-

exposed parents. These childret] tiere <7 years

old. The results are presented i]) ‘1’able 13 and

Figure 51. The male children IJt’(x}x)sed parents
showed lower levels of]euk[)citt~ .i[]{] p]atclc[s.

but not the female children.

Hematological Leukemia Survey

No evidence of leukemia wa~ (I{IIY (((1 i;) :Ln\ ot”

the population studied based (jrt ltliL(,t 11~,( (Nltlls.
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cfifii=rential counts alkaline phosphatase staininq

of Icukocvtes, and counts of bas[)phils in 4000”

w bite cells. ,Xo marked leukoc~, tosis or immature

fbrms of”\\tlite cells ~vere observed. Relatively Io\v

scorioq Ibr alkaline phospha(ase !\as recorded irl
some people, but in no case ~vas it associated !vith

other findinqs suqqesti~e of leukemia, Basophil

tounts \vcre cle~, ated sliqhtly ( to 2.48’; ) in a 7-
! r:ir-olcf exposed male ( .No, I ) who had shoifed a

~irl)il.ir ele~ation in past surJeys but no other sign

s~lq~[itive of leukemia. ‘I-he individual values for
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the basophil and alkaline phosphatase counts are

presented in Appendix 4.

Comments on Hematological Data

The 1961 leukocvte and red blood counts re-
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Figure 50, Cumulative percent distribution curves lt~r
hematocrit values in exposed males compared with unes-
posed males.

tain blood elements compared with the unexposed
group. Though the mean levels were only slightly
be]ow those of the controls, more pronounced

differences were brought out by comparison of sex

and age groups. Thus, it appeared that the ex-. .

mained slightly below the 1959 levels in the popu- posed male children (age 7 to 15 years) and the

Iation at large, while the platelets were at about exposed older people of both sexes (age >40)

the same level. Such fluctuations have been noted showed lo~ver levels, particularly of neutrophils

before and have not been explained. The exposed and platelets, than did the other age-sex groups

group continued to show slight depression ofcer- (see Figure 35). It is interesting that these blood
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Table 13

\lean Lmels of Peripheral Blood Elements of Children
of Exposed Parent(s) Compared to Those of Children of Unexposed Parents

Plate. \$’BC Xeut, Lymp}l. Alono Eosin. Bas[~
(X10 I (xl{) ‘) (XII,)’) (xl O’) (Xlo ‘) (X10 ‘) [X10 ‘)

Males, <7 yr
Ofexposecl paren[~s) ;-)1 ‘: ‘~1,111” 8 ;31.9 :\fizl,:l 4..1= 0.8 (),1 T().()tl 0.4 fo.2 O.(j_cl), 3
Of unexposed parents .}74311)-IIJI)I 11).) ‘ 2.!) }.:) “ .! O -1.OZI.2 ()..? t{l.l ().ti~(),~ ()..-) t(), ~

Females, <7 yr
Of exposed parent(s) +.21): 01111(1, Ii i..!-) +7.1: -).I;Z I .!) () 2>().1 ().[jt()..l () I)T(),,;

Of unexposed parents 41\- !I:IIIYI 111.7..!}\ !(, -1:: -) {:1, ti [),2:0 I ().(; Z(),3 [).7 Z(I..I

—

11(1, RB(:(XI() ‘) H~h.. q Serum I]rt)lcin, q

Males, <7 yr
Of exposed parent(s) it, l. 11) +2!)5!)2 ( I I ) l[). ++01 (4)

Of unexposed parents {01+1 !\!). t}l (18) 10.8 Z(). ti (7) 7.2 {1)

Females, <7 yr
Of exposed parent(s) }“1“) .2(1 +.l.iZll) ((;) 10.4 (3)
Of unexposed parents {;!1”:(1 448=42(I6I 10.9=().2 (9)

*Standard deviat inn .;nd nunll)t. r [~t IJ(!,I)IL, in qroup.

elements in the male children t)ft.xp[wd parents

(age <7 years) also are lokver than Ic\els in male

children of unexposed parents ( Table 13), and

that these same children appeared to show sug-

gestive evidence of retardation f)] qrolvth and

development (see section on Gro~\ t h and Develop-

ment).
The slight anemic tendency in [he Rongelap

people, noted in the past, was still eiident, though
the explanation was not clear. Serum iron levels

were generally not depressed, It is possible that
another type of nutritional deficiency exists. How-

ever, their serum protein (particularly gamma

globulin) and serum vitamin B, lc~els tended m

be high. The high incidence ot’t’t)sinophi]ia may

be related to chronic fun,gus infection of the skin,

intestinal parasites, or other (at]ws.

OTHER LABORATORY STUDIES

Serum iron

Serum iron levels were dctt,i-lr]ll]{d in [(~ people

(11 exposed and 5 control unrxfx)w(l I t,ho had an

anemic tendency, The results ,11( l)rt,~entrd in

Table 14 along with the henl,i[t,{ 1II J)”it}l }~.} ytq

considered as the lotver limit (J(”riflr 111,11, (Irllt .N~)s.

HE MATOLOGICAL DATA

0/~ DIFFERENCE IN CHILDREN OF EXPOSED

FROM CHILL 7EN OF UNEXPOSED PARENTS

+lo -

N = NE UTROPHILS

L = LYMPHOCYTES

P= PLATELETS
HCT=HEMATOCRIT

,—. . —..

[’iqtjre ‘I 1. Sex and .I<C riistrlbution olpercent differences

(I[ l)<ril)l)cral blnod clrn]t.llts in children of exposed

[).tltl]rs ~,)r]c or bo[t] txprrsrd I compared with children 01’

1111(.\lxI\t,d parents.
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Table 14

Serum Iron Levels (With Hematocrit)

Subject No. Hematocrit Serum iron, pg

2 36 ]~~

3 :)7 108
6 :}6 78

13 :$-i Hi
,2~ so I .}!1
:’)0 ,j~ 104
34 :54 101
65 :%7 1110
70 26 (i!)

83 :15 !Ni

86 :hl [i.}

843 :;(i 1.;>

860 37 !) 1

[It;j :’):) !)fi

91’2 31 I.\l

929 .17 !)ti
—.

69 and 78 (both with low hetnatocrits) were sub-

normal.

Glucosuria

Routine urine analysis carried out on 87 indi-

viduals showed positive sugar reactions in 8 per-

sons, one exposed (iNo. 66, age 36) and 7 unex-

posed (No. 853, age 56; No. 893, age 40; No. 916,

age 39; No. 920, age 29; No. 956, age 53; No. 961,

age 68; and No. 991, age 53). Unfortunately, blood

sugar determinations were not possible. AS noted

before, the incidence of diabetes in the hlarshallese

appears to be higher than in the United States

population. These cases were of the chronic type
with no acute manifestations. In 1959, as reported

previously, however, an unexposed woman died of
uterine infection complicating diabetes.

Protein Bound lodine;

Serum Phosphorus and Calcium

These levels were determined in 6 children, 4 of

whom showed evidence of retarded gro~vth and

development (Nos. 2, 3.6. and 65; see Table 10).

The PBI values found varied from 8.0 to 12.0

y/ 100 ml. Since particular cat-e had been taken
and specially cleaned glass~vare used, the sli~htly
high values found appeared to be \alid and sub-

stantiated the earlier tindin~s ofslishtly increased

levels, particularly since the samples ~vere analysed

at a diflerent laboratory than previously. .No ex-

planation is apparent for this finding. The calcium
levels were a little on the high side of normal and

the phosphorus levels, normal. Thus there was no

indication that the impairment in growth and

de~’elopment noted in these children was related

to these findings.

STUDIES OF GENETICALLY INHERITED TRAITS

Gm Phenotypes

‘l-hcse determinations \vere run on sera [Ilci( Ilild

been obtained in 1959. No further studies c)I’W!NI

icall J inherited traits ~vere carried out duril]< (II<
I\)(ji s,lrve,, The r~sults 0,, GM ~h~[](Jt\ I)(. {Ill

each individual are presented in .\ppendix ‘) 1I)t

~licroncsians \\ere found to he 100” ; (;I]) ‘ ‘111(1

near]y 100”; Gn~’” ‘. There “,vas a compltt{. ,il~-

sence of Cm’ and a high frectuenc} (Jt’ (;l]]-llAt

(Grrl ), Table 15 showx the frequencies in IWI~I II(
-!.

01 GM tactors In the Nlarshallese (Nlicr[J[lt~l,llls I

and various other populations.
The following is taken from a SLIIIIm;i I I II III,

paper by Steinberg et al.’

“\Vhites have a relatively low frequc[~~ ) t II ( 1111 ‘.

high frequency of Gm’ and Cm”, ancl 11. I\! II{)

~m-like. The African and Xlicronesian lx)lJ(lli-

tions have a hiyh frequency of Gin’, (Ilil 111(I

Gin-like, an(l have no Gin’. North ;\l]ltJl~ III

Indians hav< ~ high frequency of Gm’ :it)(l ( ;lll’

(higher than ij I]ites), a k>w frequency Of ~;[ll ~11(1

have no Gm-ll Ae. Eskimos have a similal” l}:ll~~t t].

but may have J lower frequency of Gnl’.

“The genetic aspects of the Gm factors :11( cll.-

cussed. lVhites appear to have alleles f;)l{’. f~”~ll‘.

and L’rn[’. It is tentatively su~,qested that .~llli)[]q
colored populations. alleles G’m’t’, Cn/1“, all(l ~,“’~~

Illay occur-, Yvhcre c represents Gin-like. ”

Estimation of Internal Body Burden

of Radionuclides

BACKGROUND

For large scale surveys. such as the ~laI~lI.~ll~W>

surveys, meas~lrernent ~vlth t~hole-hod!” ~:ilttrll~l

counters (bot}l liquid scintillation detec[{)[i ‘II)(I

crystal detectors) has proved to he the most \.i(i\-

factorv technique. Earlv evaluation of tht. t)~,(li

l~ut-dens of the people of Ronqelap ~vas carrit(l (](lt

by radiochemical urinalysis, ~vhich is til~lt ({)n-



suming and difficult. In 1957, several Rongelap

people were brought to Argonne National Labo-
ratory, where it was demonstrated that their body

blmdens of gamma emitters could be measured in

the ~vhole-body counter. Cs) ‘~ and Zn’>”’~vere

sho~vn to be the prominent isotopes in the ,Mar-

shallese at that time.
The Rongelap people. originally evacuated to

another island in 195-!. t~ere returned to their

home island in July 1937. Since the island and the

indigenous food smut-cm still had a low level t)f per-

sisting radionuclides, continued evaluation of~he

body burdens in these people ~vas ofconsiderable

interest.
.4 portable ~vhole-body counter t,as designed

and constructed at Brookhaven National Labo-

ratory and transported to the Ylarshall Islands,
~vhere it has since been employrd clurinq the an-

nual medical surveys to ascertain the level of in-

ternal Iv-deposited qamma-emittinq isotopes. In

1958, 100 llarshal]ese people tsere counted, and

the procedure ~vas repeated one year later to ob-
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tain gamma spectra on 227 people. Details of the

exposure and findings of these medical studies

have been reported.”7
During the 1961 survey the portable shield \vas

used in conjunction with an improved detection

and data-recording apparatus. The ,gamrna-ray

spectra of I 10 people were obtained. Hal fthr

people measured had been exposed to the fall[m[

in 19.5-!: the other half ~vere unexposed.

METHOD

Shielding was provided by a 21-ton room will]

~valls constructed of laminated 1,4-in,-thick s[tt.1

panels bolted together, which can be disassenll)kx 1.
The inside dimensions of the room are 5x5 f[ III(I

6 ft high, Figure 52 shows the steel room (as set 111)

fbr the 19.59 survey). In 1961 the room ~vas s([ [1~1

in the cargo hold of the Rogue (Figure 6). .Alo[l:

with the steel room, an air-conditioned pref:il)l I-

cated Ivooden room 7X8X 10 ft \vas set ~11)II,

house the pulse-hei,ght analyzer and other tlIt

Table 15

Frequencies (in Percent) of Gm Factors in \“arious Populations

t2111Factor

Population

—

No. a b x like

United States
White .103 50.8 91,8 17,5 1)
Negro 364 98.1 97..5 3.0 27.7
Athabascan Indians (Alaska)

Artic Villaqe .58 100.0 0 41.4 ()
Fort Yukon 51 100.0 3.9 31.4 0

Total 109 100.0 .Av 1.8 .~V 36,7 Av o .\\

Eskimos (Alaska)
Wainwri:ht .50 100.0 ?0.() 6.() 1)

Africa
Y’oruba 35 100.0 100.0 (1 1(J() ()

Fulani 35 100.0 100,() () 94. i
Bashi ,37 100.0 !)4,6 1) .}3. 1
Pygmies \~~ 100.0 100.0 () 100,()

Micronesia
Rongelap .-\toll I 49 100.() 97,3 () +.).ti

Surinam
Djuka .Negroes .)3 100.0 100,0” ()
.Javanese

tj.?,()
20 1000” 100 (1 130 “)().()

C)yana Indians 1.-) 100,()” 8(;.7 ?(). ; ()

(:arib [ndians l,) 100.()” 7!). () ‘)?.lj (1



Figure 52. Portable steel -sh I(l{l[Ii r-o,)n) and air-co ncll(ioned instrument room as used on the 1959 survey

Figure 53. Marshallese subject In 111~ .I, II 1(1,11 II CI,IIIIIIIIX

position in steel room under ttw XII I I ( 1/.1.11(I(ICLIOI

[:l~(lre 54. \larshallese subject leaving the counting room
through the pneumatically-driven sliding door.



tronic equipment (Figure 52). The air condition-
ing and dehumidification were of considerable
value in maintaining the stability of the instru-

ments in the tropical climate.
The subjects were ferried out to the ship, and,

before being counted, showered and donned paper

co~eralls and slippers in order to minimize the
possibility ofcourttinq external contamination

from the island environment on t}leir bodirs and

clothing. The subjects \vcre seated on :i t’[)lclcd

hospital cot and placed in a S[an(lill(l. fixt’(1 ~xJsi-

[ion under the detector, as shot) II in l:iq~ll{. .-).i.

Figure 54 shows a Ylarshallese sul)i<t [ lt.it i[lq [11~

counting room throuqh the pnt>~ln]alit ,~li\-tlli~{[]

sliding door.

The counting ~eonletry rn~pl{~I((l l]] [Ilc p(mt-

able counter is identical to tba[ IJW(I il] [1~~’per-

manent w’hole-bocly cwuntcr al 1). X1..)i l~l~h I~Mkus

possible the cross calibration {)( [I)( ti,() Itnits. )

The efficiency and precision 01’the Ix)lr,ihlt c{Junt-

er for the various isotopes arc pl-(wllt[(l in ‘1’able

16. The values obtainrd ;irc irr} ~t[])ll,ir to those

for the whole-body counter at 11X1..

The background ob.wr~ec] in thr \I.irshall

Islands counting room in the ranqe 1oo” kt~ [o 2

Mev was 1796 cpm (counts per minute), a talu~

somewhat higher than the aver-aye l]ack~round

level observed at BNL ( 1400 cpm ). ‘l-he incremed

background count in the Afar-shall Islands was

chiefly in the very low ener~ range and probably
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can be explained in terms of the thinner shielding

in the portable counter and the omission of Pb

lining for the ceiling of the counting room. To

some extent the thinner shieidiqq was compensated

fbr by the shielding proiided by the ~vater under

and around the ship.
Since diliicu]tim hacl been experienced in idcrlti -

fyinq snl~ill photopeaks of iarious isotnpcs de-

posited in the Ilarshallt=ie in the presence ofrt’l:~-

titcl} larqc amounts 01’[:S” ‘ and Zn’ . the {l)l]nt-

iII~ [ir]~(’ 1~as increaseci for a number of sut)ject~
{)tt,l (hat \]svrl in previ<)~ls years. In addition. a

Ill qtr (r\ \Itil detector i~:is sut)stitutcd for the .-)-in.

{It.[[{ror ti]r-n]t. t-iv used. ‘1’}]e r]~:ljorit~ [)f[he s~ll)-

]t.t t> Iv(rc counted k)r 10 nlin, and a larqc non)lxr

~i(’r(, c(]untt’d tor 30 min.

:\n 8X }-in. XaI (’1’1 ) (rystal ( Harshaiv) cictm -

tf)r I\as placed ~bote the patient at a distanuc of

1° in. (stse Fi~ure .j.~). Pulses from three .}-ir].
f)}l{)tol]]l]ltif]lier [ubvs ttere frd into a .Xu(l(>ar

l):ita 2.3[)-rhannel transistorized pulse -hei<ht

anal~zer ( Xloclcl 120). The analvzer fed the d:i[ti

dirt>ctl}- to an IB\l type\vriter and simultanco[l~li

to a Tally paper punch unit, \lodel 420. 1)1()-

~,ision is made in this analyzer !or transfer rirlq

spectra recorded on paper tapes into the memory

of the ana]yzer so that calibration spectra can be

compared \vith tht i.1~.ominq data \vhen desired.

The data recrsrd(: {)n the punched paper tapes

\vere transferred to I 11.\l cards and thence to the

“I<ihlcI (i

Properties of po~tablc \Yh{Jlc-Body Counter for \leasurinq Specitic k,l(lion(lclldcs

(:\- ( :(,...< Zll K“

Photopeak ener~ ( \lev ) ().lit~ 1.17 1.1? I 10

Energ-y band measured ( \lcv ) 061 .[).71 1.12 1..!’2 107 117 I }1 1.”)[

Background (cpm ) 7j..5 w), (, J{; [(1..2

Calibration factor (C.12. J ( rpm p(:) 0114 +{20 I; {’l oil(l(c[) Ill k<)

Precision (P I of counter” (rnp(: ) (). }1)() ()..124 II 800” .1.8 (<1
Percent standard deviation otcoun[ ra[{** Z() .!.< . 111(1 .: 1.7} z \ -)8

[ntegrated background (c-pm) at ().2 (,) J \l<\ I 70{)

*F(~r 70-kg phant[)nl in \t.in(l,ird c{~ullrll]~ut(~t!i(tl-1.

f>= \ (-17 / )+1/<, /!
(:[:
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magnetic tape of a 704 computer. The task of

“spectral stripping” was carried out on the com-

puter with a FORTRAN program. In this operation

the spectrum of each individual isotope is removed
from the total spectrum obtained for the subject,

which represents the ccrmbina~ion 01 the cx]ntribu-

tiorrs from all the isotopes deposited in that subject.

Spectra for- each crfthe individual isotopes quan-

titated in this study wet-c obtained with the \Iscof

aJ\ .Ilderstjn phantom ( REhlClz\L). Solutions” of

At]oivn concentration ot’each radiorluclide Ivcre

I)la(.cd in t be phantom to approximate the {lli>cts
{)[’ [i~s~lc absorption and scatter. ‘~hr spectr(lrn (JI

tl](, pllatltonl tot- each ofthe isotopes i$as obtai[l(’d

~lt~d~,rcf)[ldi[ions ofc(]urlting geortletr} id(.tlli(<il

\\ittl [bal used in courrting the subjects. By tl~is

technique it l~”aspossible to simulate quite (l(x(’ly

iiittl the phantom the [Tllllticor]lp(]rlerlt spcctl’a 01”

thr \larshallcse. .\ rcprescntativc hlarshall~w.

spectrum (jbtained by adding K. (k’ -, an(l ZII

at a~cra~~e Ieiels (as determined in t}~c rr~(.(li(:ll
studl of ]!).59) to the phantom is shown it) k’i~lllt.
.-).-),‘I-hc K, (k’ ‘, and Zn’ ivere distribute<i l~OliIt)-

qcrreously throughout the phantom, ~vhilc” ( :()’“

was placed in the liver onlv.

ilnalyses of the cotnplex spectra ~vere prlilrrll(d

by subtracting the calibrated pulse- hei~ht sptx-

trum for each ~ lrnma emitter to be quantili(.d.
;Ilthoqgh thest I)ectra are obtained ideally t’rorn

a subject oficlt. :1tical build, an appro.ximatif)n is
obtained ~xith 1Ilc use of the plastic phantom.

(k)rnputation u tI. carried out by an IBNI-704 conl-

puter. Startin~ 1, ith the hiqhest energy photolwak.

that of K ‘“ (aft<’r correction for back~round and

normalization otthc K!” photopeak to that tithe

sul)ject ), [he ct)tl]putcr performs a channcl-l)>-

channel subtratrion of the normalized K’” spcc-

trurn. [n a simila[ manner, the normalized ~pcctra

br Zn” ‘. (lO<’”.arl(i (;s’ ]icre subtracted fr(]rn (h<.

total spectrum (WC Fiyure >.j).

Individual 2 l-l~t urine specimens \vere wllvctrd

ancl ot]e pooled urine sample of ’20 liter+. “1’llc

r,ltliochcmical procedure for the Sr”” ana!)’sis ks

IXYII ckwribcd [mr\iously.’

RESULTS



Table 17

Summary of Radionuclide Body Burdens of Marshallese, 1!)61, Obtained by \$’hole Body Countinq

R{,ngelap

X[ale Female

,\<e 3 13 .\qc, .13 ,\qe .j - I‘] .\qc ,> Ii Us. medical lt,.ill)

(:,’ fmp(: k<)
Exposed
Unrxpc,wcf

.\v

Z[l’ ( nlpc: kq )

Expowd

Uncxlx)secf

.\v

co’’” (p#[: kq)

E xp{ ncd
L’nexposed

.-1v

K“’( g/kg)
Exposed
L.rnexposml

<iv

Total residual gamma
acti~,ity (cpm kq)

Exposed
LTnexposed

No. of People
Exposed
Unexpmed

Total

Ii).\+ I ‘)5
l-).’ )~l. -)l

11)-!

1.2(1: (),()8
I.{.! T(J, I-)

1.2+

2,(){Y(). ().3
1,77=().11

19{

11.1 :1).’)-)

1).}).+ 10. !)()

10. t ()()} }{ :-()()12

l.. ii =(),()7
1.71 : I)(M)

I .Ii.l

1°, - ?.otj
Itil - I.M) .2.1)()=()..39

*Standard error of mean.

and age included for comparison. Almost identical

amounts of the radionuclide K’” are noted alon,g
~vith large differences in the Cs] ‘T and Zn’) levels

bet~veen the tivo subjects. The summary of the

a~>erage levels of Csl ‘7, Zn’’”’, K’(’. and Co’”) deter-

mined in 1961 for both the exposed and the non-

exposed Marshallese, accordinq to aqc and sex, is

presented in Table 17. The frequency distribution

of values in t’arious ,grcrups is showm in Figure 57,
.Appendix 7 contains the individual values for

each subject.

Cesium-137

The mean value for all groups Ibr Ix)dy burden

of Cs’ ‘; was 13.7 mp(; kq body ~veiqht, :llthou<h

the mean levels of the exposed are slightly higher

than those of the unt’xposed ~roups, the tww do not

difrer siqnific-antly. \“ariation J,ithin any q-oup is

larqe, as can be seen from Fiqure .>7 and from [hc
talue of the standard error. ;\s expressed here in

terms of body ~veiqht. (;s) bud) burdens in the

qroups aged >16 and <16 year-s do not differ

si,qnificantly. The mean levels OF{IS1 in lernales

tend to be someJvhat lotycr than in males, but the

dif~erence cloes no[ appear significant [ I:iqure 37).

Zinc-65

Zn”” body burdens per !iq body i~eiqht ap~ar

to be some~vhat lo~~er in the younger population

<roup, hilt again the dit~ere~.ces are not statisti -

I
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Figure 57. Frequenm distribution of leYels of radionuclides in ~arious Nlarshallese qroups

significant. .AIso, females tend to have values

lower than those found in the corresponding male

group (Figure 57). No significant difference be-

tween the Zn’”) concentrations in the exposed and

unexposed groups could be determined. The per-

cent variation within each group ttas approxi-

mately the same as in the case of Cs’”.

Potassium-40

The mean K concentrations fur the younger

groups were consistently higher than those for the
corresponding adult groups. The male adult group

averaged 2.13 g/kg body weight and the female

adult group 1.63.

Cobalt-60

Analyses of the residual spectra obtained after

subtraction of the three above-mentioned photo-

peaks revealed the presence of a fourth photopeak.

Co’’”. The levels of Co<>”trere quite Iotv ( mean

=0. 148 m~C,’kg), but l~ere nci crtht]ess readily

detectable. .No significant differences bet~~ccn [he

Co”(’ levels in the exposed and (Il]rxp(>sed yroups,

or on the basis of age or sex. Ji t-w {Jl]\ervcd.

Total Residual Gamma Activity

The total resi( lual gamma activity levels prestnt

after subtracti(]li of the above four spectra are also

shown in Tabl{ 17. The activity in cpm/’kg has no

absolute signiti{ance, but is of value in indicating.

(irst, that there is some activity left, and, second,

the nature of its distribution by groups. ~len]btm

of the adult ~roup have considerably higher lLA<li

of residual actiiity per unit body weight than (It)

members of the juvenile group. .No significant (Itt’-

ferences ~vere ot~ser~ed, however, on the basis 0[’

sex, or bet~veen the exposed and noncxp{wd

groups.

Radiochemical Analysis for Strontium-90

“r’he estimated 1961 Sr”” mean urinary excretion

in the Rongelap inhabitants was 7.2 fO. -l PP(I 1:

this represents a 14’ i increase over the 1!).j!) value

(fi.3 ppC,’1). ‘I-his value is based on the resul(sot”

‘)(),[~-li[er sample colle[lrdana]ysis ofa pooled -

from the adult p(@ation (see Table 18). This Sr”(’

~lrinary excre[ic)n expressed in terms of uril]ar}

calcium is .50. {i =).9 p~C/ g Ca. These ~’alues ~ive



an estimated body burden of 6.9 mpC as com-
pared to 6.0 mpC estimated in 1959.

\Vide variation ~vas found in the individual “~~.

hcur” urine samples collected and analyzed indi-
~idually ( Table 18). The avera,qe Sr”” excreted
$vas 159 p~C Sr ‘“‘q Ca for the children as com-
pared to 30.9 for the mean adult population.

Adult ~vomen appeared to have higher Sr”” [~a

ratios than men. Ho~\ever, in terms of ur-inar>
Sr”” (PPC~l ), the value ~vas 2, :3 for \\-o ITle Il L’onl -
pared to -!.5 for men. This ciiffer-encc t,as similar

to that observed in 19.59. \Yith the siT)all sample

size and the ivicle spread in ~alum in anv sin<le
group, it is not possil>le to cfetcct at)} si~nificant

difference bet~,een the exposed and unexposed

Rongclap groups.

Tlvo coconut crabs mere brou:ht tm[k trfm~ the

survey and analyzed for Sr””. onr [IOITI Ronqelap

Island had a level of 1 I-I() ( E 1.!) p~i(; Sr”” q (Is,

and one from the more heavil} cxp(xcd island of

Eniaetok. 8 miles north, had a lmrl (JI ~!N)l) ( ‘~?:;}

ppC Sr’’(’lg Ca, These values tlerc about half’ [hose

found in these crabs in the early >eat-s after the

fallout.

One 3-month fetus, the product of a miscarriage

in a Ron,qelap ~voman, lvas also ana]yzed and

showed a level of 25 ( 320) pp~; Sr”” ~ C.a. How-

ever, the sample was so small that the results are
of little significance. *

Figure 58 shows the levels of radionuclides in

the Rongelap people at various times after expo-

sure, based on radiochemical urine analyses and

spectroq-aphic determinations.

DISCUSSION

It is interesting that no significant differences

were observed in the body burdens of the four

gamma-emitting radioisotopes measured in the

1961 whole-bodv spectrographic study between

the groups of Nlarshallese exposed to fallout in

the 1954 accident and unexposed qroups jvho have

been living in the same environment for the last -1

years. The ori,qinal contamination of these gamma

emitters in the exposed population has already

been eliminated, and tvhat is {)bsrr~cd in rhis

study is the radioactivity derived from the sliqhtly

contaminated environment.
—

“l\r wish t<]th,lnk \fr E P [lard \,,Jf }{(,llttl ,irl(l S.it(l\
I.alx)ra[(],-y, N?!, }’<,rk oper.it,on> olli( {, .\Ij( lo, <,11r\ IIIq ,,(I1

(t)w’ Sr “ .\llal\ \cs

Table 18

Urinary Sr”” Values in klarshallese, [961

Subject Sr ‘“, (Is, Sr.,,

x(]. pp( : 1 q /’] pp(: < (:<i

Ron<elap Exposed

\falt\. .\qr 1-1.5 ( S0 Femal(.s I
2.} .)2 .’l [) 130
-?() [).fi (),(1.?8
](, (;. H ().()54

+; .{. -) ().(112

il) “).() ().()4+

.\\’ 9.8 ().()-)8

X1’llcs, .\qt. ‘> I 3
-+() 11,() (). }+(1

27 +.() [),1 {cl
1 .>.8 () l!)\
i 1! {) .208

+() (). \ (), !.!!)
+ 1 1,7 ().()!)}1

.\\ 4.5 ()..?31

Females. Iqe >15
-!:) 1.[) ().()28
3(J 2.(J 0.101
66

4; (I,06,J
[~ O : ().()43

.Av 2i ().()59

RnrI:,lap Unexposed—.

Males, .lge I -15 (No Ftrnalm)
8?~ ~,~ ().() M)

Nlales. .lq-e ) 1.1 (ANo [’enlalcs)

$+4 1,1 (). ]i{J

8’18 3,8 OJI()

8:HI .1.1 ().21 -)

.\\ ?.7 () .?02

Analyses of P,mled Specirl~<.n ( :() H I I

sample Sr””. ppC I ( :a. [[1< 1 Sr “ , /llu(: < ( ‘.1

1 7..2 14.3 4(, {
) 6.4 1 ~:) 4 {.!
.~ 6.8 I t.! +7 ()
4 J,? 1+1 30 7
5 7.() 1!1 -ii{
(; 8.:3 ] j,, .“)(1i

.\v 7.2-Z (). } lllzl -)()(, ~ jll
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people at various times since 1‘l”, 1 \ .il(it. {,i>[aincd citbrr

by gamma spectroscopy (JI bl I(l(li(,t Iicmlcal urine

analyses.

The levels ofradioacti~r ct)n[amination ap-

peared to be about the sanle ft)r,juvcniles as for

adults, for men as for wvmen. Factot-s of age and

sex apparently do not influence significantly the

deposition of these radionuclidm. JYide variations

in the level of contamination appear among indi-

viduals of all groups, as rniqht be expected ivhen

the source of the contamination is via ingestion.

Even with a fairly limited diet. individual tastes

may dictate great differences in the fix]d consumed.
As for the time course of the contamination in

the population as a whole. it is necessary to c-on-

sider each radioisotope incii~idually, as to source

of supply and discrimination oi’ [he soil, plant and

animal life, and the human I)od> for each isotope.
The mean Cs’ ‘; body burden of the Ronqelap

adult males is 14.7 m~(l k% as ((]nlpared to 14.1
in 1959. Thus, no sicqnifj cant cl~ange has occurred

in the past 2 years. Thes~~ ( ~s’ Ixdy burclcns of

the Marsh allese result Iron] tl~{ relatively hiqh

dietary intake through f(xxls[~lth produced in the
Marshallese environ n]c[lt. “!’1](/ rcllect the Icfel

of residual fallout on the isl,ll~cl. .11](I,IISIJ ttw hiqher

uptake and retention ot( :s’ III 1(}{xI l)lar]ls qrot!t)

in a K-deficient soil. It ‘tplx,iri 111,11[11(. Ix](if t)llr-

dcn of C~s’ ‘ has reache(l ,11] ,Il,l)III\IIIIaI{ t(l\iillt)-

rium with the levels of CS’17 in the diet (although

this is a difficult point to ascertain). The uniformity
of the CS1’7/g K in the entire Marshallese popula-

tion suggests that the CS”T level, like the K’(I level,
is proportional to the lean body weight.

The mean Cs’ “ body burden of the Rongelap

adult males ( 14.7 mpC~kg) was 300 times the

mean of that of the medical team carryin~ out the

study (().()48 ). The level of C;s’ ‘T in the world-wide

population in July 1961 appears to have declined

from the maximum level observed in 1959. The
a\eraqe value for Cs’ ‘; measured in BNL person-

[)(1. [i)r example. declined from 59 PPCq K in

,j~ll~c 1!)60 to 30 in December 1961. The boriy
burdens of the Nfarshallese ~vill. of course. also be

af~t-ctcd h>’ this tvorld-~vide fallout as ~vell as by

tbc fallout relrased in the series of tests carried out
by the USSR in October 1961. As the accun]ula-

[ion is ~radual both in the environment, as world-

uic]e f’allout settles out, and in the human body,

Iia the inyestive route, it will be a nunltwr of

months before a clear picture emerges. Hoivrver.
after the moratorium of 3 years. duriny \\hich

time the Cs’ “ levels had an opportunity to stabi-

lize. it will be clear what the direct results are of

that particular series of tests.

The mean Zn’>” concentration per k,q body

iveight of the \Iarshallese does not differ signifi-

cantly betwect] 1he exposed and unexposed groups,

nor does it dillir on the basis of sex or age. Ho~v-

ever, the mean 11as generally sfightly higher among

adults than ir~ Iuveniles, and higher among adult

males than adult females. In the period 1959-1961

the ~’alue of Zn( body burden dropped by a factor
of (~. The valur of Zn’}”’ in male adult Nlarshallese

dropped from !).!) nlp[~ ‘kq body Ireight in 19.59 to

1..; I in 1961, No clear reason emerges as the basis

fbr this drop, although it is possible that dietary

variation may be responsible. It is kno~~n that tbe

source of Zn” in these people is from fish. ivhich

selectively concentrate this element. Therefore. it

is possible that the decrease in Zn””’ levels noted

may be due to the fact that the people are eatinq

more canned meats in place of fresh fish. If the

Zn’) intake in the ciiet had decreased radically

during that period. the observed fall in the lmel

of internal ly-cicposited Z.n””’ ~vould be consistent

with the eflcwti~c half-life of Zn’’”’, }vhich is ~ i20

(Iavs.’ ‘ ‘1’be eviciencc that could be obtained on

[I]i> iubject is insufficient to make any conclusive
it:~tcll]ent, ho~v(,fer,
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.Although levels of Zn”” body burdens equivalent

to those found in the Marshallese ( 1.51 mpC/kg
body weight) have been observed in certain BNL

reactor workers,’- the values in the Rongelap
population ~vere about 100 times those measured
:-
]n the members of the medical team, The mean
level of Zn””’ in the medical team was 0.01.5 mpC/

kg body tveight, just slightly higher than the pre-

cision of the counter. and therefore not statistically

significant (Table 17).

The K content of the adult \farshallc’se male

averages 2.12 g~ kg, compared to the mt.an for the

medical team of 1.72. The averaqe K ola larqe

group of male employees at BNI. is 1.81 q kq tx~dy

weight,’ ‘ The higher value for the \larshallese

males reflects their ~vell-developed musculature

and low fat content, as the value [)t’ K is pro-

portional to the lean body mass. “l”ttus, the K
values for the Xlarshallese temalm are qenerally

lower, in the range 1.52 to 1.7 I q k< Ix)cly j~eiqht.

As expected. the K concentrations rncasured in

the children are somewhat higher than those of

the adults. particularly amonq tktnalm.

A new and very interesting tindinq ()[’this study

was the determination of the presence of Co”] in

the Marsh allese population. “I-hc rncan level is
fairly uniform, about % of the Zn” Itnel, but the

spread in values in any one group is lar~e. There

is a fairly consistent correlation bet~veen the Zn””>

and the Coo’” values, which could very \vell reflect

their common origin in the fish. snails. and clams

of the hlarshallese diet. The induced activity, C,o””,

had not been detected previously in this popula-

tion because its ~’erv 10IV level was masked by the

relatively lar,qe peaks of the other radionuc]ides in

the relatively short counting periods hitherto used.
It ~vas to reveal just such secondary levels that the

longer counting period and Iarqer detrctor ~vere

adopted for the 1961 studv.

The residual gamma activity in the spectra re-

maining after the subtraction of the major com-

ponents indicates that there are some residual

radio nuclides present in quantities not suf%cient

for identification via their photopeaks. The adult

groups all had approximately the same le~el of

residual activity, ~vhile the juveniles hacl 2.5 to .X)(;

of the adult levels. The residual ac[iii(} tal~les in

the adult groups ~sere at least 10 times the mean

observed in the U.S. medical team. Unfi)rtuna[ely

Jvhole-body countin,q technic{ues Iliiic not been

developed for external be[a c~)untin< ot’thr very

important fission product St-”). Its levels can only

be estimated from data obtained by radiochemical

analysis of urine. Undoubtedly the bremsstrahlung

resulting from the Sr”” body burdens in the lvlar-

shallese contributes to the residual activity noted
above.

A study of the levels of body burdens of the

several gamma-emitting radionuclides in the \lar-

shallese people indicates how the fission products

move through the environment and accumulate

in man. Further, the biological turnover rate ()!

these radionuclides in human beings can he esti -
matcrl. The SLltI’e> made tvith the portable ivholr-

bod) counter has been invaluable in monitor-in<

the levels of internal contamination of qamrna

emitters in this population. The experience qaincci

in this studl, should be of value in future sur~’c~s

among other populations,

Summary and Conclusions

In Nlarch 1961, a medical survey tvas carri{xl

out on the Nlarshallese people of Rongelap .~tt)ll

who had been accidentally exposed to falltj~l[

radiation 7 years previously, The medical t[’.lnl

consisted of 10medical specialists from the United

States and 8 from thr Trust Territory of the Pa(itic

Islands. A total ot .’(,7 Rongelap people tvere m-

amined, most oftll{m on Ron,gelap Island and

some at Kwajaleill :tnd hlajur-o .4tolls, Of this

number, 76 were i II the exposed group; 28 ~vcre

children of exposed parents: and 163 ~vere adults

and children from the comparison population not

exposed to fallout. The Trust Territory ship R/)/]u~

was used to transport and house the team and in
addition housed, in its carqo hold, the 21-ton steel

room with its electronic cc{uipment for carr~in~
out spectrographic an.ilyses,

Prior to the survev. at Ronqelap a village nwet-

inq held ~vith representatives of the medical teanl \
re~ealed that the people Ivere still concerned and

had some misconceptions about certain conditions

that they felt ~vere related to fallout such as fish )
poisoning and a sickness from eatirrq arro~vroot
flour, The true nature of these maladies was ex-

plained to them. %me dissatisfaction ~vas also rx-

prcssed about the continued ban on eating coconut

crabs, hut the people ~sere assured that re<ular

analyses for radio: i(’[ivity would be run on the

crabs and the~ \~()(Ild be notified as soon as the

crabs liere considered safe for consumption.
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A review of the medical status of the people dur-

ing the previous year revealed that few major ill-

nesses had occurred and no epidemics of infectious
diseases. No illnesses were reported in the exposed

group which might be related to radiation expo-

sure. No deaths had occurred except in two in- I

fants. One baby born of unexposed parents died of

a congenital malformation (ancnccphaly). Only

a few miscarriages had occurred and Iht’ it~cidrnce

Physical examinations sh{nit(l t],) .~((l[c illncssm

present nor any diseases ~thi( t] <,~iil{l hc (Iircctly

associated with radiation efli{ t~ ‘1’t)~ incidcncc c)t

various diseases tvas ,generallt [ Itt’ i’]rrlc irl the (’x-

posed and unexposed ~rt]l]l)s. 1[ l\tts tlot(d tl~at

several of the older people. p,i I(Ic IIltirl> in [he (x-

posed ,group, tvere t~econllt~~ (Il]i[r tr{.hlc ,ind

helpless.

Residual skin changes in ar{.~~ lxtniousl} s}]tn~ -

ing lesions from fallout were Imw’[1[ ft ith certainty

in about 10 people. The cl]anqes noted ~vere

principally atrophy, scarrinq. and pigment aber-

rations. None of these cases shot) cd any evidence

of chronic radiation dermatitis or rnaliqnant

change. The appearance of pi~rncnted maculae

and moles in previously irr:~diated areas of the
skin was more common this year than noted in

the past, it is believed. However, these pigmented

Iesions appeared quite benign. “l’hey will be scru-

tinized closely on future surneys. ‘l-he incidence of

diabetes in both exposed and unexposed people

appeared to be higher than found in the United

States.

Dental examinations re~ealed a }]iqh incidence

of caries in the younger people and periodonto-

clasia in the older people. No tlillbrcnce was noted

between the expo~ed and unexposed group in re-

gard to dental findings.

Careful examinations Ibr t I]c drtection of such

late effects of radiation as cancvr ,~l~dleukemia re-

vealed no evidence of these n~ali<nancies in any of

the people, exposed or un{,xpow’d,

\

Growth and develop n~cr~[ (iata from 19.58

through 1960 were reviewtd fi)r [ l]< (hildren. ‘I”hese

data revealed a distinct tcnclt[]tI Ii)l the exposed

boys of ages <1’2 to be short(r (11.111 IIIC (111(’sIx)sMI

males of comparable chronoltj<lc ,il ,IUCS, ‘1’tlis \ias

prominent in the boys exposed before 6 years of

age, and most marked in those exposed at 12 to 18

months. A similar but less distinct trend was noted

for body ~veight among the exposed boys. These

trends ~vere not noted among the exposed girls.
However, skeletal maturation studies ( roentgeno- 1
grams ollctt hand and wrist) sho$ved trends sug-
qesti~,e Of inferior skeletal maturation in both male

and female exposed children compared ~~ith unex-

lx)scd children, althotrqh the difl_erenccs did not

reach the lc~el olstatistical significance. i’i high

{I(<rce (]fcorrelation ~vas found bet~veen retarda -

Iit,]l ill skeletal a,qe and inferiority in statural

I
\IoiK[h.of specific interest ~vas the group ofehil -

drcn t]()~v 8 years old who had been exposed to
f;l[[oll[ at aqes 12 to 18 months; this group showtd

Ithe most marked retardation in phys-ical and
skeletal qro~sth.

Similar stuciies comparing gro~vth and develop-

[Ilent in chilclr-en of exposed parents and in chil-

dren o!’ unexposed parents showed that the mate
oflsprinq ofexposed parents were smaller in stat-
ure at all aqes then those of unexposed parrr]ts.

‘lhc most marked differences occurred at 1.3, and

4 years of age, and in those born <2 years after

the fallout.

In order to investigate the possible effect ofradi-

ation in inducil: premature aging, various criteria
were measurrxl ()r estimated durin,q physical exam-

inations (visu:ll acuity, accommodation, arcus
senilis, grayill: of hair, balding, skin looseness,

skin elasticity, ~(nile skin changes, blood pressure,

peripheral arteriosclerosis, and neuromuscular
function). No apparent effect of radiation was

noted, since measurements were not greatly differ-

ent in the exposed and unexposed age ,groups and
were similar to the measurements previously re -

ported.; Ho~~cver, the study is of interest with

regard to the measurement of biological agin,g,

since the various criteria showed definite age de-

pendent trends, and, by combining the scores on a

percentage basis, an over-all biological age score
tvas determined.

Slit-lamp observations for cataracts were not

carried out on this survey, but previous surveys

had shown no evidence of induced opacities of the

lens,

Genetic studies have not been specifically con-

dotted. Examinations of childr-en of exposed

lmrcnts have revealed little in the wav ofcon-

~(.nital anomalies. One baby born of an exposed~
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mother was diagnosed as having congenital heart

disease and died several months after birth. The \
suggestive evidence of increased miscarriages and
stillbirths in the exposed women during the first

few years after exposure might be related to irradi-

ation of the germ plasm. The findinq that male

children of exposed parents Ivere shorter in stature

than children of the same age of’ unexposed par-

ents may have some genetic si~nificance. hut fur-
ther studies would be necessary t{) sul~st,lntiatc

such a conclusion.

Hematological studies sho~ied [hat [crtai[i

peripheral blood elements in the r)~[)rc llca~il\ t,x~
posed Rongelap yroup continued to ~lloli” sli~btl~,

lower levels than in the unexposf>(l co[rlparist)t~!

population, suggesting a persistent irra{iia[ion cf-~

feet on hemopoietic function. Ex.in]inalion of tbe~

data by age and sex groups shoJ~txl [Ilat ncutr[)-’

phil and platelet levels arnonq the expt)scd ivrre

consistently below the unexposed Icwt’]s. and that

exposed males aged 7 to 1.5 years and exposed

persons, both males and females, a~ccl ;>-40 shmvrxl
the most difference from their controls. The rx -

posed males and females of ages 15 to 40 sho~vecl

less difference, with even higher leYels of some ele-
ments than the unexposed qroups of- the same

ages. The platelet levels, ho~ve~er, ~verr consistently
lower in all age groups in both sexes. It was noted

also that male children of exposed parents had

somewhat lower levels of neutrophils, lympho-

cytes, and platelets than children of unexposed

parents.

The Rongelap population as a w}lole continued

to show slightly lower erythropoietic function than

found generally in Americans, the explanation for

which is not clear. Though iron deficiency does

not appear to be a problem in vit-lv of,qenerally

normal serum iron levels. some other type of

nutritional deficiency may be responsible. The

high incidence of eosinophilia may be partly

related to chronic fungus infection of the skin and

intestinal parasitism, but other causes. not im -

rnediatelv obvious, may be in~mlvrd.

The “portable” whole-body counter- tvas useci to

obtain the gamma spectra of i 10 X[ar-shallese, half

of whom had been exposed to the t’i~llo~]t in 1954.

No significant difference in body h(lrdens of the

qamma-ernittin~ radioisotopes \vas (Jbser~ed be-

t~veen the Marshallese exposed [t) fhllout in l!~5-1

and those of the comparison pop[ll:i(il)ll Iiiinq in

the same environment for the ]mst ! ~(”.irs.

The levels of internal contamination per unit

weight appeared to be about the same for juveniles

as for adults, male and female. Wide variations in
levek of contamination in any group w’ere found,

apparently due to differences in diet and metabo-
lism. The mean Osl’; body burden in adult males
~vas 1-!.7 mpC/kg. ~vhich is not significantly cfif-

fercnt from the mean talue of a similar qroup ob-

tained 2 years ago; it ~vas 300 times that ofthc
n~cdica] team. who were measured at the same

tit~le for comparison. The Zn”’ level in adult males
( 1,.-)l I]I}lC kq) dropped to 17”1 of the mean value

ll~tasured 2 )ears ago. \%’ith a larger detector and

a Ionqcr (ounting time than previously emplo\cd,

it tias possible to identify and quantify (b” fr)r [ht.

first time in these people; the mean level (If (k)”’
Mas about I 1‘; of the Zn” level. :i small arnout~[

of residual activity ~vas still present after the sul}-

traction of K’” and the abo~’e radionuclidm f’IXIIII

the total spectrum The mean level ofurin:~t~
excretion of Sr”” was 7.2 ppC./ 1 or l-!( ~ hiqher rli:tll

nlcasurcd in the 1959 medical survey.

‘I-bough the acute effects of radiation expos\Lt(

in the Nlarshallese have largely subsided, it is l)(ls-

sible t}]at certain late or delayed effects may (K ( III.

Some late ef~ccts have already been observed in

the Japanese, such as an increased incidence t)l’
leukemia and pos~i 1,Iy other malignancies and also

development of L.t[aracts. Still other late cflkcts
have been obserw, 1 in irradiated animals. It is un-’

likely that such al ,norrnalities will develop in the

relatively small Rl,llqelap population and, shoulcl

they develop, the incidence should be quite lmv.

Nrel’ertheless, it is extremely important that fur-

ther surveys be conducted to detect subtle changes

associated with the development of such abnor-
malities so that they can be documented and

therapeutic procedures instituted w’henever pos-

sible. The examinations show some findings ishich

persist in the exposed people, and these need to lx

carefully follo~ved. These include incomplete re-

covery or certain blood elements to levels fouoc[
in the unexposed people, retardation of ,gro~vt

\

and development in some ol the irradiated chil

dren, and pi~mentecf chanqes at the sites of radia

tion burns of the skin.

Recogrrizinq the importance of these surve)s, the

‘Irust Territory of the Pacific Islands and the U.S.

:\tornic Enerq ~kmul~ission have a,q-eed that annual

Incdical surveys of the hlarshallese people exposed

to tallout in 1954 should continue indefinitely.
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APPENDIX 1

Rongelap Group and Control Mean Blood Counts at Various Times After Exposure

\VBC Xeutrophils [lymphocytes
(X10’) (X10’) (X10 )

\iale

Postexpmure day <.5 >5 <.5 >.5 <; ‘> j <:10

.

47
51
.56
63
70

74
6-mo survev
1-yr sumey
2-Yr survey
3-yr suney
-1-yr survey
5-yr survey
6-yr survey
7-yr survev
Majuro controls
Rita controls, 6 mo
Rita controls, I yr
Rita controls, 2 vr
Rongelap controls, 3 yr
Rongelap controls, 4 yr
Rongelap controls, 5 yr
Rongelap controls, 7 yr

9.() 82
+,!1 (;,2
(i. (i 71
~ [) ti,.1

:) !) 1),.~

(;,7 ~~

7.() 74

;.7 (i I

7.6 7.8
(i..j (; ?
5.7 .5..-)
>? .-)2
,j, (j .i 8
(i,7 .I. t;
7 () (i(l

77 (i.()
7.(i (i. -)

8.5 tifi
I().I 8 I
11.8 8fi

8.6 6,9
8,9 7.’)

1.\.5 9..j
6.5
7.4

1:1.2 9.7
10.7 7.6

14.() 8.’)
9.8 ti.9

11, ? 80
13.7 Ii).1

7.8

Platelets >Ionocytcs Fi)sinophils
(X10’) (X III-J 1X10)

().8 () ‘1

j,!) 17
4.? -), +

i.() 2{

2.7 Ii
1,[) !.()

1 c) I Ii

1.:) ,)(,

Ii I 1;
() !) (1.()
1111
1.0 I ()
,, -,-.. I [i
1.7 12
() 3 (1(1

1.4 I I

07 I I

2.7 1 “)
12 07
15 1.1
.2.7 2,()

().li
— 1 {)

2.0 2.{)
I ,9 1.7

1.4 1.5
1.4 ().7
2.3 1.1
.$7 2!

1.2
—

*Includes all males >7

J}{
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APPENDIX 2

/\ilingnae Croup and Control Mean Blood Counts at Various Times After Exposure

\t’BC JNeu~rophils I.yrnphocytes Platelets
(X10 ) (X1O ‘) (X lo’) (X10’)

4 Nl:ile \[:lle Icmalc ‘1’1)1’11
Postcxptmlrc clav . . .Zj ,,-) <-”.-) ‘.-.-) ,-. .. .) ‘.~.? ~: 1() ‘., 10 all .Iql+ ~rt~~il>

:} (;, () 7.()
7 :) .-) () }{

10 (ii 7{
IJ 1; i 7 ()
1.-) 7.1 ;.()
I 8 ii.}; 7.})
)).- [1‘1 H 7
.2(i }1+ 7(I
.)() !)(; i] (i

33 7.7 7.}{

‘1!) 7.-) (i. ?

+:i fi.() (;..”)

ki ?.:t (;.7

-) I }{. } (;..1

.j 4 4,(; f)..i

ti-n NIsurvev 77 (i -)

I -yr survey” 11.1 7/{
J.”r. $~,ry~~ 11,() ~1.1
.l-;r survey 12.1 7 0
-1-; r survey I 1,.-) i .>
.j-yr survey !),7
6-yr survey 7..1
7-yr survey ?,7
klajuro controls I. J.? 9.7
Rita contrnls, ? yr 1+.1 8!1
Ronrgelap controls, .3 yr 9.8 6,!)
Ronqelap controls, 4 yr 11.2 8.(1
Rorlgelap controls, 3 ) r 13.7 10.1
Ron~elap controls, 7 yr 7,8

1 )-,--

J(),,

-!7 i
.?\-)
.!(10
10-,
.!}(1
!(), -)
l!il ()

27 ()

.{2.()

17 (1

)-, )--

{}1 i

-)1 2

tl ).8

\{ ).-

}(I!I

+1 2

\ .-) -)

j? (j

}/).[1

l.j.~

N[crn{)cyte$ E{,sil]t,plllls
(X10’) (Xl(l )

/j‘.. . > .-) “1 -)

(),8 I (i
-.

{.[1 2.1
.{. + .-)}1
{.7 .L(i
,)-. { !..>
l.-) L}

.?’3 j,,~

1 !1 l,:)

2.8 2.2
1.[ 1.7
().(i [.4
v)--- 1 ()

1,7 j [{

I.i I 1)

1.1 1.}
I,() I I
.;.(i 1.1
i.() () 7
J ‘)--- 1.1

i.-’
(1.li
I?

.2.() .!. (I
1.-4 1..-)
1.4 ().7
2.:} 1.1
3.7 2. I

1.2

*Includes all males ,>7.
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APPENDIX 3

Individual Hematolo~ical Findings, 196 I

Subject Plate.
No. Age (Xlo ‘)

bVBC Neut. Lymph. Nlono. [losi n. Base. Hct.. RBC Hqb., Serum
(Xlo’) (XIV) (xl(v) (xl(l) (Xlo ~ (XI()) “: [X10’) < protein, <

1.5 14 45.3
17 10 28 I
,21 Io 200
33 9 :{25
~~ 10 ?61

61 360
65 ‘g

262
69 11 293
72 13 393
86 6 156

Mean 299

10 31 p~~
’26 19 282
27 33 343
35 21 343
37 27 200”

40 36 307
73 25 105
77 33 402

hfean 282

1’2 25 189

14 32 285
18 28 381
22 24 ~~8

24 L() 240
39 22 254
49 22 337
64 37 289
66 37 118
71 35 ?38
74 23 289

hlean 259

Exposed Xtalcs, Aqe 7-13

>‘)j---- 011 ()..itl ()..!7
},1-) ().1!) () 118 I .;ti
.i.:)i [) 1}1 O 17 () (i7
11); 017 ().}).! ().!:)

_’ :}1 01{ ()..!-) ().2+
101 (1 ().}{[) ().28
1.’1 (11< (),,1.-) (). lo

“)2 011; (1 \-) [).?+

21! () () [1() ().1(;

1 (,1 (1 (). {)1 ().,) I

i;-) ()<1 (). \? ().8()

1 1(1 ().()!) ().’) 1 (),+1

\ 10 (Ill (). 1; l). +8

l.\p{l\d l“(,lllidc\, .\fJc 7
___._?_. -?

i i-) (1,08 ().2.{ ()..)7
i.~lj {)()() {),27 ().41
~, ]1) ()(){) [),!1 o..\!)

},()() () l}{ (),![) ()..3:\
) 1);-. II () .!() ()./12

-) .?.? ()..+”) ().1 I ().7()
{\+ (1 .2ti (). -).’J ()..5.5

.;, +.} () (). 47 045
J,:)() () (),()7 0.44
J,l)(j ().[)!) 0.45 (). (i;

‘}.:)? (). I 1 ().28 (1 -$

Exposed NIales, Aqe 1ti-40

I .ti4 (),17 (),09 () ,1)

6.01 () ().49 (11!1

,i49 ().()7 (),21 ().IN
,j,<)q ().()!) 0,46 0.07
,j,~)4 ().27 (),ti.; ().:!18
2,79 {), 19 o,.\2 ()..57
2,[)4 ().()7 (). 1.j ().4’1
) )J--- () 1)..\4 ().4 \

:$,~~ ().10 (),.;:{ ().:).!

Exposed Females. \qe 1tj-40

,, ,>,)
---- ().1I
().76 ().()8
II? ()
?,.m ()()!)
2,16 ().[4
.) j,,

--- ().?ti
~,().} ().2()
)-,1-. [).08
},{)8 () 08

J.11 () 07

I 1’1 (1 .!8

1 -)8 IIli

().2? 02 }
().?5 04 I
()18 0.3-)
().(,8 ().4.!
(),27 ()..i !

().44 ().61

o () .35
l). 18 () .j.l

(1.() 1)20

1)(i(i l).:}’)

I .20 ().!18

() .}!) (). !-)

11.5
112

11 ..j
1.j.2
1[1.ti
10,9
lo, (i
1 ~.!
11?
11.>

11.3

11.2
11.8
11.5
Il. ?
12,1
118
1().9
1(J.6

11.3

1()..i

I 1.3

13,2

12.4

12,8

[().9
9.4

11,2
10.()
I().3
11.8
11.2
I?4

I 0.9

“)[)
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Individual Hematological Findings, 19til

Subject Plate. \$’Bc: Xeut, I.ynlph, \lono. Etxin. Base, Hct., RB{: Hyb., Serum

No. .-~qe (X1O’I [X10 I (X10) 1X10] fx10 ) (xl~)l (X1O-) ‘; (X10’) K pro[cln. <

88 ~
fy) .-)
90 .i
!) 1 .>
9:; 5
!)(i .\
!)7 .\
!)8 .i

1(J2 \
I (N 2
110 I

\fcan

8i -)
~)j 4
!)4 4
!).3 .i

I ()() -)

101 {
1().’J 2
10-) J
107 ;
10(% 2

\[carl

.-)I)!I
7,12
1..!.!
-).81
! +1
\.[l!
;,: l,)

i.; i
(),.! \

-)./11

{),27

}.71
7,2!)
(), -1!1
i{.;;
1) +/{
“] -)-)
8. 2.?
-),12
.“).1 .“)

(). !2

loii
(;.02
(i.7.\
;.(i.}

1(1.1i-1
!). l:i

i..-i.i
lo.il;

!). !.+

i).11’.?

‘)[l?

8.-!8

(1,.j;

1(1. t{t;

8..30

1).20

ii [{7

11;.2.-)

I(I il.{

Ill).!

1?. (;(1

I -) “,()

11 {.!

Expowd >lalt%, .\<c ,, +()

-! }1() () ()l-) ().1!)
,{. I \ (Ill (),.”)() (1 {t)
P )/{--- ()()} ()[{ ()..!2
) ;(,-. 1)12 (). -)[; (117

!.:; I I) (II 1) Ii] () .!()

17{ {1(1[ 1)1~1 (1 ii)

;;() ()();: (1 ‘,1 () l]-)
; _) (1]”, (12; II<;

< 1(, 02-, (Ill (1.}”)

~}{{ (1.11) (), {() (1 ,i.?

I:\p(l\c(l 1“(111,11(%. \q. , +()

> Ill ()]{ ().11 () .I[)

I ;() () ()-) (1.1 1 (){1

,,, , (10 ().-,/] (1 il.-j

I ,,; (1(1; (I;fl (1-)i

I 1[{--- ()(I 11(1~1 (),(,(,

;I{i [1.1 \ () [1() ().1}

ji{ ().17 () ?ii (1 lo

i ;:! 1) 10 ().1(; (1 -)<

2 10 (Ill”) 1) {t) (1.1 {

.! l.! (). ()-) ().1(1 (Ii{

.! 70 ().()}; (1. {(1 [) 47

\l,ilc(‘hll(l[(.n{)1’I.iposc{l Part.nls ,1<(, ..”7

-) it) !.7.? I)() ()..-)+ ().72
2 }“) {..!1 01: 01X Ill
{7(I ~,j(j I)(I7 ().}() (1.1!)

I/10 t.l.1 (),()() (),?i (),{()
-112 4:{!) (1.1[ [1..![ ( I [{8

2.()”)
---
.) .)1 ().(F) [). [{? ().?}

j -)()-.. }./;7 ().(1/{ ()..! \ II .’)/;

-). [111 -) 10 (1..tl (). {’J (),8?

I i.-) I 1(; (). ()[) (). {,-) () }()

{.7<1 !.; () ().() {). ?(, II,l)t;

) 1]--- { !; ().1}{ ().12 021

{ -)() I 2.-) (),1{) () {1) [) -)7

;“,-)

14.()
121
118

11/{
14+
Ifl
I I.ti

]J,;

10.()
!) I

100”
112

12.1
10.(1
12.1
Il. -)

1(}!1

100”

10,(;

().7

10 ()

II) i

100”

1(1.(i
10 ()

I
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Individual Hematological Findings, 1961

Subject Plate. WBC Neut. Lymph. Mono. Eosin. Base. Hct., RBC Hgb., Serum

No. Age (x1O ‘) (x1O 1, (xIO ‘) (Xlo’) (xl O’) (Xlo’) (xl O’) ‘~’ (xlO’) q protein, g

;\ilin<nae Nlales, /\~e 7-15

2,10 .1..{1 ()..i8 (),51 0.-48

208 4.44 1) 11.2:j u.?:{

.-) ):+ 7.K) ()}14 (I. -1.? () :3.>

.{ It) -) 10 (1 II () it) () .i,j

.\llifl~[lcie I(,IIMIL., .\qt 7 I j

2(10 i ill () oijj ().54

; {1 { Ill) () !) :{) ().’)[)

+-)1 i ‘1/{ (100” () 1}) (),.+()

\ ~l; j;, ().()7 ().()7 U48

11)(1 !, 10 ().(14 ()..j-l (). 48

\lllllqn’1{ l’rnlalcs, ,\<c’ 11) }() (s0 Ylalc’sl

10.6

10.6

12.1
11.8
lo.!)

1 I.1)

1?.4
7.0

9.7

13.2

13.2

13.2

13.’2
13,2
10.6

12.3

IU.9
106
10.9
11.2
118

11.5
11.8

Il.?

68
44 11
84 6

Mean

88
48 13
53 15
81 15

Mean

Ll)}i ,)QI ,)~1

i.1’l ().l)(i l), {)(j

1.17 ().() l), \9

().}ti
()..}7
1).:iu

(),.18

45 39
51 32
70 24

blean

169
390
206

255 J,-,}] () ()!) (),22

.\il]nqn.ic \lalcs, ;\$y- >40

2.1> (),() ().2:+

!.lti ().()” ().(il
] ,!)’) ().() ().38
:$.82 ().74 (). 12

16 46
29 72
41 51
50 41

Mean

216
239
194
204

’213 :}.02 (),19 ().34 I .00

,\]linqnae Females, .-\ge >40

3.21 ().()7 ().39
1.[)j ().() (),38
?..}6 ().14 ().28

0,56
().36

().58

().50

1 61
41 51
59 41

Mean

211
194
298

234 !.51 1)07 ().35

L’nmpmed Nlales, i\qe 7-15

.!. }{9 ().()3 ().15
?. }9 (),.?3 ()..}1
~ [)2 (1.18 () 5.1
.{, }!) ().18 (),28

1.82 ().()!) ().18
j ()? (). I 7 ().92
.;..\.\ ().()7 ()..j7
“\\5 ().{)8 ()..!:}
, -)3-.. ().[)7 1.11
) -,4 (). ()ti ()..\l

~ [), j ().07 (),!1
1 18 ()() ().7()
-)17 (). 1.} I .!)4
2 10 {), l(i ().31

+ ().-) (). ?1 () ‘Hi

-, (]{) () Ili {).47

().47
I,?()

().18
0,58
0.6[
().44
().4 1
(),34
() 36
0..}4
().45
114
().65
043
I ,0!)
().LII

813 7
814 9
815 11
818 10
822 15
869 15
887 15
892 15
912 8

913 10
919 13
921 7
931 7
939 15
’340 12
981 7

klean

320
?56
~yj

384
363
374
25 I
314
305
27z

288
311
344
198

353
116

303 ().fiU
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Individual Hematological Findings, 1961

Subject Plate, IVBC Neut. Lymph. Mono, Eosi n, Base. Hct., RBC Hgb., Serum
No. .4ge (X1 O’) (X1 O’) ()(10’) (X1 O’) (X1 O’) (X1 O’) (X IO’) ‘T (xl O’) q protein, q

805 7
811 7
8[~ ~

816 11
821 13
891 13
909 11
911 8
912 ~
9’75 ] 1
g~~ ]()

937 8
946 10
955 9
959 1:}
960 9
962 8
977 15
978 10
980 8
988 7
993 14
996 8
998 14

Mean

825 18
824 17
828 20
830 22
831 yl

833 28

834 27
838 ‘M
840 3 I
842 37
845 31

I 005 28

868 38
877 ?3
880 40
881 ’29
8f3~ 28
885 21
gqo ~g

9’13 3.3
944 36
958 29
963 37
971 18

ilean

.5. +6
7,(il

14.20
8.’10

101 (i
8.49
81)Q

7..}5
().5.}
(i.6 I

1!.17
[().3()

I?.1.l
7.88
~.l(i
7, !9

12.4 i
6.42
(; ~)..-
8 (15
(;.?!)

8..?:;
().48
.5.74

8,-+2

8,%
~,~)~

8.95
5.32
7.47
4.17
8,91
6.[)5
6.7ti

10.37
.5,92
7.(i8
6.56
7. 1.?

11..i7
8.09
8.14
8,8.1
918

8. N
lo.. ii)
1 18(;

.{ :,()

{; (1!

7 [{1

Unexpnsed Females, Age 7-1.5

[J..\8

().46

(),.57

l). il;

(1 II

1) +2

() [);;

1111

1.11

1). I 1

(1.11

(),; -}

0.2}

(). ?1

() +1

II I.j

().7.-)

1)..)2

().23

(). }-)

(). ?3

(). $<}

(), ;9

().()6

().42

().0
0.()
(). 18
0.11
0.13
0.04
0.18
0.07
0.14
(),21
{),12
().()8
[).()
()()
()..1+
(lo
().11
()IF)
().]8

().17
()10
(1-!}
(1.()”)
()()()

{11(1

0.68
().4 1
0.27
(), 16
()..}()

[),08
().8()
1)..\4
().27
!,91
[). 18
().:{[
I)..\!)
(1..\ti
()..i}
().()
().(}}{
().2()
(1.18
(), Qi

(l, }\.!

() -)()

(1.2-)

012

IIli

().32
0.6:i

().73

(). !.}

(),71

(),2.-)

().5()

oil

II ;[,

(),-+(1

I.().I

(). (;1

().8!}

(),.18

(). ?7

()..}.2

()..-) {

() 4.~

0.40

().4(;

(). tj~

(). }(1

().31

(),42

().5()

(),3 1

0,43
0.33
(),’27
().40
(),22
().3ti
().21
().32
{).3(}

().28
().38
().38
().:16
().4’1
() 80
01,1
()..!.”)
() 07
(). ().5

(1 .io

(),81)
(1 ).i
(). 12

(I}i

11.2
115

10 b
Il. >
12.1

10.6
10.()

12. I

11.2

12.8

1.1.2
1.).6
14.0

14.8

14.0

II..!

[4.()

[;.4

7.8

76

7.()
7,( I
7.(i
:. i
}{.2
8,()
x.()

7.6
8 ()
ii ()

7,(,

; [{

()./{

:).(1

;.(,

8.2

7.7

7.2

7.6

7.0

7,4

72

78

7.()

8.(J

78

7.(J

7.8
i.(i

8.4
~.:)

7.+
~,~
--

;.;
8,ti
7 :)

7,2
[i 8
7 8

i.(i
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Individual Hematological Findings, 1961

Subject Plate. W’BC lNeut. [.ymph, hfono. Eosin, Base. Hct., RBC Hgb., Serum

No. Age (xl(l) (x1 O’) (Xlo+) (X10’) (X]()) (Xlo ) (x10’) ‘; (X10’) < protein, K

7..{()
8.li.-)
.-).27

I 1 I(i
().(1()
(;.’11
-),2 ‘1
-),1 !
7.()()

7,41
I; 10
II!()

.-) }8
-) (,{
1).;;};
(;. !)(1

1(). I “)
}1 I,j
8.’~8

[(),77
1) -)()

1(1.81

7.:.{

7.02
},!)7

7.’2’2
fi.(lj

.>.38

(j,28

11.OJ

1 I ..-)8

.;. /{2

-),10

7.01
.-).()()

+,(N
(;.80
(). 7°
I;.I-J

(i,; 1

;,-)(i
lo.+-)
(1.<)7
1).;;
“)lli{

1 (Ii

II Ill
I II

1)1.5
() IF)
()(1-)

(10

(1(};

(1[1

()(1”,

II 1(1

():1

()::

{)(10

(100”

(1 ()-)

01;

1).1 k

().()

().1()

()()()

Ilw)

(1 {/

(),1~)

(). II

().1 I

(),[)7
(),2’(j
().21
()10
III(j
(l..\-)
() 1(;
11<1

():1
()(1()

l).+~)
(), +[;

(1 10
(),()(,

(). -1-)
()..!1
().2()
(),()1
1100”
(l,7j
(),.{8
(),!.!

()..},-)

Unmpowd \takS..\qt’>40

{.():) ().1 4 ().4!)
) )1)--- () ():) (),1()
1.?.5 (1.14 (1..j6
.!..j 4 (),()6 (1.:}(J

‘> )()---- ().() ()..}!)

.!.8.} ().() O,l!l

4, .-)2 ().2? ()..33

},()}] ().() ().:}j

?,.18 I). () ()..\,-)

1.48 {),()> 1),1()

2. l.-) () ()}1 () i!
1,()(, ()() (),!},3
) )(;--- [) 01 II 2{)

‘2,7:) (),()7 ()..27
2.() t (),(1 () W

) -)8-. (),ll(i (},1[1

27{ ().()(; (). {7

,crl I;t,rll.ii{+.

013
().21
()()7
[).10
() io
()(Y)
(12:
ol)~

1)..j-)
().3()
().41
().2!)
()..!(i

H 3!)

(1.)1

(1 }()

(), {i

(), 4!]

().!{
1) 10
(1 .\()

(1, }.?
(),()1
(1. l:{
().(,8
()..-)-)
(),72
() (i.j

()..}4

1.01

()..+8

01”

[) i

() !01

(1/1

011

() !1

(). (,’1

().7-1

(). 1-)

(),,1:1

() .-); !

().2:!

(),2;

(). }(1

().{{

{). i’)

()..{’1

.

[)..}8 ().2()
1.ti7 1)7(;
().21 ().10
().!!) (). i t
(),+2 (),-)+
1)[{ (){;
(17}) I ()-l

(1,()!) 011

l~i

(1.1

1) ~

10.(;
10.()

118

fl.1

11,3

100”

14.()
12.8
11.2
10.!)

[ !.8

113

I I .-)

[24

]1~

10 }
II)()
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Individual Hematological Findings, 1961

Subject Plate. LVBC Neut. I,ymph. Nlonm l%in. Base. Hct.. RBC Hyb,, Serum
No. Aqe (X10’) (X10’] (X1 O’) (X10’) (Xlo j [X1O) (X lo-) ‘; (X10’) q prc)tein. q

L’rmxposed Females, Aqe >40 (continued)— —

4;.2 3.!).-) [1..?.2 [)..j!)
.j 7? .i..i8 ().I)!I ().()!)
.{ 8fi ? +(; ().27 ().()7
2.4-) 1.08 () .!2 O()
2.18 +{} ().:-! (), {t;

{..21 2,()() (1(1 ().1 I

.’l 7{) :.”)}; II Il; (1 {1,

\l,ilc (:hii(ll(tl ,)1”[“II(IINM(I l):it{t]ts

-) .!I) 1,..?1) () 17 10{
\ !)1) }. {(l (). ]8 (1,2(;

211 -),1? (). 1-) [),()/{
I ,-)() .-).08 I),() 11,10

\ ill I l).-) (),(1(1 }.(10

$ (I-1 i.!() [).(IX i) ;(1

.{ “)(1 i 72 (1.(1 (). I .-)

1.01 !. +2 () {H ().()

k. ii{ -)21 () jj (1.{1

:) {).-, :) 78 ()() (),.}2

:1 oi <,-):) (),18 {).-){

1.()”) tj,t,~ (),2 1 [) !)j

n -)( I-.. (),()7 (1 J!) [) 77

j jo 471 () (); (),()7

.j..2i .1 8!) ().31 ()..il

4.t)(i 7.?8 ().2!1 z..~.{
!l,8.\ (;.4!) [). [8 1.(15
.)..!5 5.”2.5 [).18 ()..;(;

.j.ol; 6..18 ().() ().60
j)j.- .j.14 ().(17 ()..\4

448 5,():+ (). I i ().57

().47
().()8
(!..-).“)
()..”)+
(1+7
().4!)

II -)[)

i!:< . 7

I)(; I
() 1(,
(1. {}{
() l;!
(1.2(;
(),-J!)
().7 I
(),71
1) +-)
[),(,!)
().27
().6(1
().jtj
().:1.3
()..57
().78

().88
(). 45
(),:\l)
()..j.l

0.52

Fcmalv (:hildren of Unexposed Parents ,\qe <7

.\..\+ .j.27 ().15 ().67 1)..\tj

.j.:w 4,.1.5 [),0 {)..}2 ().52
4!)() (;..57 ().3!) l.11.\ ().()()
(),()4 ().()2 [).() ().79 1..2!
.i.()!) 3.18 (). 45 [)..~f; ().21
j.(j8 5.1(; ().()9 ().28 (). {2

4.80 ),78 (),1(1 ().18 () 1{)
4. J’{ i.88 ().11~1 (),[;1 ().[i!l
7,()-4 (;.20 II Ii 0.5ti ().99
ii? 6.{)6 [).24 2.18 1.1.-)
2,[)() 4.72 (). 14 ()..!{) ()..1 I

.}.;i~ L;() ().2() ().77 [1 i.{

7 }{() + 87 (1.1.j () 20 () !1.!

![1 -) ()[; () .!8 () (F) () .!7

.-) t;li ioj ()..!] O i.! ().1)”)

\ +() (; +il (1 {2 041 (1.(j}
-)17 ()H(; (1!() (1,().-) Il)-)

1,()() “)2!1 (1<1 (1.-)!)().[;.-)

ijo

;.()
7.(I
,,,,.1
; :{

1+,() il.()

11! 7 i~

]]?

lot)
11.2
10.()
I(ltj
10.1)

1(1.fj

71

10.8 ;j

I(),:j
lo.(i

10 (i
10 t]

11.8

112

112
10.()

1(1’1



APPENDIX 4

Individual WBC, Basophil, and Alkaline Phosphatase Determinations, 1961

‘lo Base.
per WOO

Subject No, LVBC (X1(] ‘) A. P.. ‘1 neq. cell cmlnt Subject No.

1
2
3
4
5
(i

7
8

10
11
12
13
l-l

15
16
17
18
19

20
21

22
23
24
26

27
29
30

32
33
34
35
36
37
39
40
41
42
W
45

46
47
48
49
50
51
52
53
54
55
56

57
58

59

6.6
5.5
6,3
5.1
8.9
6,4
7.1

6.9
8.7
4.2
5.6
(),3

8.-!
7.6
4.7
9,1

4,5
5.8
6.3
6.()

8.5
9,9
6.8

12.3
7.1
8.7
4.7
5.8
8,8
7.3
9.2

6.9
8.9
8.8
6.3
4.8
9.9
7.7

10.3

5.8
6,3
7,2

10.1
12.3

6.4
6.6
8,8
6.8
4.4
8.8
6,5
j,~

13.9

0,85

0.30
2.48
()..)7
().75
(),7:)
().-):)

().; fl

()..1:)
0.>.1
(). },}

().().}

048
() +8
().7()
l). t.>

().78
().3()
()..}8
().6.-)
(),50
().28
0.50
().5()
0.9,5

1,27
(), 73

0.85
0.60
1.17
0.73
0.35
0.43
0.73
().90
0.73
0.83
0.30
().45

(),30
o,~~

0.70
0.53
1.80
().38
080
(),45
().4>
[).60

().7.-)
().67
() 8[i
1) l.!

(lo

61
63
M
(jj
06
()8
(;!)

70

71
j?

7.1
74
75
77
7tl
79
80

81
82
83
84
85
86
87

88
89
90
91
:)~

93
94
95
96

97
98

100

101
102
103
104

105
107
108
110

801
802
803
805
806
X07
8()8
8( )()

‘{ Base.

per 4000”
\YBC(XIO ‘) .4 P,. ‘“; neg. cell rollnt

8..!

11.1
5.1
7.6
8.8
7 .!)
.}.8
6,7

4,3
7.3
7.3
(i.[j

14.0
10.2

8.6
5.1
79
7.7
6.9
(i.?

10.7

1’4.0
U.6
‘3.0
9.6

107

!!()

t].;
‘,,(i

!l .!)

Illti

/{.3

q 1..-

!1.1

T..i

10.9

8.!)

I (i.:}

!)..1

108

8.8

11.0

1.?6

1.3.>

().()

1 2.!)

8.8
. .
, )

5.3

!).8

(), j

7!

[{. I

—
!)1)
63
80
83

45
1

02

78
86
91
86
77
51
48
67
84
60

69
50
59

.56

52
87
0

15

42
75
64
3(J

6
10
39
67
67
73
0
60

38
4!1

.50
24

.54
87
(j(j

34

21

63
60
63
j?

88
N)

(J.1).J

().(j.~

[). ?.5

0.4.1

().(;.1
()..\7
(1,78
().67
(),7()
(), -) {
().(;()
().7-)
().7()
(1, }8

().>1)
().(,3
(),8\
(),1.>
{).70
().7‘1
().7-)
().$(I
()}[1

(),7:)
().4.)

(),67
1.!)()
(),7.}
0.5.{

().73
0.83
0.50
().75

0.23
0..10
().7.>
()20

().:)8

0.4.1
(),23

().73

0.78
[),.};

0.70
()..;5
{J..l)
().1[1

()..1()

0.58

(). fj.l

0.28

(),18

1) 70

,-)t )
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Individual WBC, Basophil, and Alkaline Phosphatase Determinations, 1961

‘; Base. ‘“i Base,
per 4000

Subject No. \VBC(Xlo ‘)
prr 40{10

.’\.P., ‘“; Ile<. cell count Suh@t N{) \YFK: (X10 ) ;\. P., ‘; ncq. cell c{)~ln[

8 1

7.()
14.2
q ()

7.7
,; ,f)

8 !1
() )..-
li. i

?.i
10.?
9.1

8.5
,>,:)

7..i

8.7
:).()

5,.3

.5.3
7.5

11 ..”)
4. I
8.!)
(;,6

(i.9
ti.8
(i.9

10.4
~,~

8.7
5,9
7.0
7,6

104

5,()
7.2
7.0
9.8
[j.()
5,1

I ?.9
6.6
8.4
7.4
~.ti
7.1
li,.1

114
8.1
8.1

110
8.8
1~..i

(J.oj
0.8.{
().-)\
[),(1”)

I .-1-)
()10
l). l}{
().(,i

()-)”)
Il. }[!
(),7[)
1) t17
{). j;

071
(), }f{

() ()-)

(). i;
().7/{
()..-)()

(). -).i
().25
(1.1.}
().-}()

() +()
I).,’lo

0,48
(),75
(). WI
0.63

(),:N
(). N
()..i8
().3-)
(1.i.i

()..;()
()..-)5
()..-)8
().:\.j

().25
0.78
().48
().58
().3.)
().?.-)

().78
(),3()
() .10

(Iii]
1.1[)
1).i.j
[1 l,}

() .?})
() (ii

7 0

PI..-)
7.8
I)()

4.7
7.4
[i 2

I It)

11.1

I .-). ()

().1

(),.!

[). +

101

~1.()

x,:)

7..3

Ii,.j

ti. J

!).,2

-).8

.-) .5

5. I

(i.9

(J ,>.-

I l,ti
5.1)
8.[;
t).tl
I-L.!
4.I

11.(1
1-! I
1.?.!)

(i.!)

l).:)

[0.5

10.2

7.8

lJ]

(). -{

8,-+

10..1

]~,1

jf)

8.7

9.()

I[i(l

1?.1
;.(1
1),7
7.4

IJ “){

()il)
()!i
{).’)()
(1.}{(1
() l)”)
().;11

II l)”,

(1(4”1

(1 ;}{

(1:!

o {-,

(1 ;-)

(1!{

() }-)

().1, }

{) ;(I

(1 -1-1

(1 “)”,

(Ill

() ;:{

() “)”)

(1 ;-,

() (,-,

();{

().(lX
071
().iti
(). ti()

().; \

().lj

(),};

1) 7[)

().-)()

(). }1/{

II ;11

() -1}{

01)7

() ”)-!

11~1(1

(1;{

(1 ~i{
(),!:1
l).;{

07{
()(!;
[1/,{

():1(1

01{

()()”)

() !:{

11.i{i

().7 i
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Individual WBC, Basophil. and Alkaline Phosphatase Determinations, 1961

‘[ Base. (; Base.
per 4000 per 4000

Su hject No. \VBC(Xlo ) .\. P., “; ne<. ccl] count Subject No, W’BC(XIO ‘) A. P.. “; neq. Cr-11Cotlnt

958
959

9(;0
w 1
:)(j~

963

964
!)65

967
w)

97()
971
972

!)7:5
!)77

!)78
!)79
980

98 I
982

988
991

; “)

$,”!

().7.-)
0.-).{
(1.!}
(1-,(I
IIli

(1:(1

11 (,;

11(,(1

(1-)(1

II -1;;

() ()-1

()-);

() il)

(1 1/;

(1; [)

I)Ti

(Ill

(1-){

(1,-):{

(). 1-)

() ‘Ii{

() 70

1(111(,

1(}();

10011”

Iill(l
11)11
101?

101}
101:)
1017
102(1

1021
1024

1025

8.()
8.2

1.).2
(i..-)

3,7

10./}

1 I .!)

77

().(;

t),l

i..?

7.8

[) j

1(1..1

I !.(;

I;,(i

:) [

I 2.0

10.()

fi. ii

16.2

(),8:)
(), +8
().7()
().1};

().7 {
().!).{

() .-)()
(), -)[)
(1,58
().()\

0.}}1
(1.i,i

1).2H
(),(1,}
()..-)}
[).-)()
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APPENDIX 5

Gamma-Globulin Groups of Ronqelap Islanders
( Blood Collected 1959)

.-\.(;. Steinberq and B.S. Blumbt-rq

Subject,N(). (;rnqroupf Sut)jw[,SI). Grn ~roups S(]hlmt.?io. [;rn <mups

1 a+ b+ .x-c+
a+ b+.\-c+
a+ b+x -c’+

a+ b+x —c—

a+ b+x —c+
a+ b+s —c+
a+ b+x–c+
a+ b+x —c+
a+t>+x —c—

a+ b+x–c+

a+ b+x–c+

a+ b+x —c+
a+b+x—c—

a+b+x—c–

a+b+x—c—

a+b+x—c—

a+b+x—c—
a+b+x—c—
a+b+x—c+
a+b+x—c+
a+b+x-c+

a+b+x—c—
a+t)+x-c-
a+t)+x—c—
J+l>+x—c—

a+b+x—c+
J+l>+x—c+

a+t)+.x—c—
a+b+x--c-

.,+})+~—(.+

a+t)+.\-(+
a+l)+x-[-
‘l+l)+I—(—

.l+l)+I—l-

cl+tJ+\—[+

,l+t)+x—{ —
a+l)+x-(+

a+b+x-(—
.i+b+x-(-
a+b+x-c—
a+b+.\-~+

a+b+x—c—
a+b+x-c+
a+b+x—c—
a+t]+x—c—

a+b+x—c—
a+b+x-c-

a+b+K—c—

.l+b+x-c+

a+t>+Y-c’—

a+b+x-—c+

a+b+x-c+

a+b+x—c+

.l+})+\—c—

a+b+x-(-

‘l+I)+X—L+
a+t)+x-(-
a+l)+ <-c+

‘1+1)+.X—L+

a+b+x-c—

a+-t)+.Y-c-
a+t)+x-c+

a+b+x—r—
a+t)+x-c+
a+b+’x-c—
a+t)+x—c+
a+b+x–c+
ii+b+.Y-c-
a+t)+x-c+
a+t)+x-c-

a+b+x–c+
a+b+x—c—
a+b+x—c—

a+b+x-c+
a+b+x—c—
a+t)+x—t +
a+b+x– –
a+t)+x—( —

a+b+x–( +
a+b+x--( —

a+b+x—c—

a+b+x—(+
a+b+x—~+
a+h+x—c—
a+b—x—[—
a+b+x—(—
a+b+x-c-
a+b+x-[ —

a+b+x—(-

a+b+x—c—
a+b+x—( +
a+b+x-c+

a+t>+x—c—

a+t)+x—c—

SubjectXc). [in)yr(,(ll),

a+t)-.\-(—

a+t)+x—(+
a+t)+\—( +
.1+l)*\—1 ~
‘i+t)+x—( +

‘l+b+\-1

a+t)+\—( -
a+t)+\—(
a+b+\–i -
2+1)+X—L .
a+ l)+\--!
‘l+t)+\-, .
a+t)+\—(

Li+l)+\-\ -
a+ b+\--! .
a+b+x ,

a+b+Y-( r
a+b+\-( .
a+b+x–(-
a+b+x—( +
a+b+x–(
a+b+x–( –
a+t>+x–( +
a+b+~-( –

a+b+x—( +
a+b+x-(+
‘i+b+x—( —
a+b+\-1 —
a+ll+\—(
a+b+\-(

.I+t)+x–( –

a+b+x-( –

a+b+x—( –
a+b+Y-( –
a+b+x—(-

a+b+x—(~
a+ b-.\-( —
a+l)+x-( —

a+l)+x—( —
.i+b+\-, —

I

I
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APPENDIX 6

Individual Physical Examination Findings, 1961

No. p~~ “WE17!+T BICC!D?.3FSSUW A~!?3SEN
AGE, Sm HISTORY INJU31FS FOUNX. H!+::ffAND LU?J:S EENT CU CR GYN

Obesity, Deafness, Fixation, left 163 mod. 156/90 mild
161F Mild hypertension elbow, trauma okesity h~ertension cystocele;

Subsf.ernalpain, 1 Tram.at.icAm Pu- 1%

445M year; slight hyper- tation, ILs:a!
tension pnalanx, lt.~.l..

fin:er

743M

Chronic lower
10 31 M abdominal pain

Kahn ~+
11 57 M

Hydatifoxmmole,
12 25 F bleeding, 1957

Oough, sputum,
13 65 F backachej’’oroke

back!’’54

u32F

16 46 M

127

153

Scarrinr jue to 11?
burn, rt. shoul- th~n
der, lt. c-lest;
fracture rt.
tibial head(olc)

156

75
losing
wei<nt

Scar, rt. ante- 142
cubital space preg.

103

159/80

116/6g

llR/70

150/100 ~+b retinal arter-
mjld iosclerosis,stra-

hypertension bismus

120/76

100/66
exp. rales
rt. chest,
difficult
resp.

96/60

11s/s30

lo6/7g

Cervical
prolapse

2X2 cm. hard
mass, left labia.
kraurosis vaginae

Liver down 1 cm.
premant 7 mo.
Hist. of c~to-
coele

~ MO. ~s@artUISJ
left cvary palp,
erosion cervix

18 2L! F

I)(I
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OTHiikLAB.
CG:IGEXITAL BLOOD CATA. UhiNE

SKI\
l’~~.j’ ~fj ABNO&ALITIES i!IsckLIANEous COUNT PAP. ET’c. Cohihmns

,VBC6.6 Pap. superficial ace. lung
rict. ~2 squamous. Lry marking rt.
Hxo. 13.2 smear;ibeg.for Ca mid. chest.
Plat. 211

B1. macule
rt. necK

?1.macule
rt.ant.
axil.

small tumor
It. buttack

? lipoma

Lipoma 5X5 cm.
left shoulcer

Prostate sL.
enlarqed

Nrist, ~bn.
wide distal
epipr,yses

Vib. sense
absent, lower
extremities

Biopsyscar back
neck,sl.scarring
rt. neck

K trial cf
fn troglyce-
rine

ducess ltl”t :,3C ~.<
thiph;tenuer I:Ct. 38
in~~inal .nbces F%c. 12.1

Plat. 276

htic E.7
ttct. 35
tt@. 13.2
Plat. 274

~ antipar

Chest film
taker,

,VBC5.6 Pap: good
Hct. 38 estrogen level;
h<c. ,ieg.(J5;
Plat. 159 Trichomonss

tidC 6.3 Pap: scmty
tict. 3i+ snear,~wg. <a
tl~D. 10.6
PkL. 157

~ Vitamin9.
chest film
taken. hesp.
difficulty tie
to obteoarthri-
tis

WBC g.~
Iict.35
Hgb. --
Plat,.2g5

UBc 4.7
tict. h~
Hgb. 13.2
k’lat,.216

~ Iron ad
calcium

(VBC4.5 Pap: Neg. Ca, ~ iron
Hct. 3S severe lnflamma-
ri~b. 10.9 tion, Trichomonas
r’lat.381



Cough, sputum $X3 96/60 Prsg. L mo.
222h F

2420 F

2tl 75 F

@ugh sputum

Occ. asthmatic
2972u attack. History

stroke> 1956

Scratching contln-
3066F Uously

5b 52F

35 21M

3922 F

Pan-hysterectomy
19511

97 100/6!)

159 110/;!) Tonsilar

111 170/$4 bt retinal
S light sys M arteriosclero-
obesity transmitted sis, bilateral

aortic area lens opacities

121

92

121

129

116 1/2
9 mo. pregnant

lsO/7 j ti retinal
wheezes both arteriosclero-

bases sis, bilateral
lens opacities

External

216/120 Liver down 2
hyper+,eneixi cm. Area of

ulceration 10
cm. above anus
on procto.,bleeds
easily.

100/7b

96/66 Preg. 9 moo
dele 3/26/61

.
.



63

OTHZl(LAB.
CU:IGENITAL BLOOD LATA. UiiiNi

SKIX TL-’\.fi ABNOrA’WLITIi5 XIL[;k.LLiiiJWUS ccluin PAP. ETC. coL!MLvfs

#BC 8-5 Rx ii-on
Hct. 30
Hgb. 9.!+
Plato 22~

31. macules rt. & it..
neck, also two
,macs.rt.f~rearm.
%?!g. spot dorso%
rt,o foot

z bl. macule upper

back near net,

Roughening
back neck
(FungusInf.?)

Pig.Var. kough-
:ningback neck.
Macule1 ea. hand
lt.ant. cub. fossa.
91. pig. var. rt.
ft. and mac do-s.lt.
t-t.

wac 60~
Hct. 3f3
Hgo. L1.1
Plato 2L0

#dc 7.1
Hct. 41
Hgbo —
plat. 3LJ5

prominent heads ~1. fever,
o~.~~~e Tachycardia

Papt some endo- Light percep-
cervical atypia tim ~nly due

&PcLiT to cataracts.
Almost Dlind,
kec. cat. remo-
val

Li:ht percep-
tigr)only 4ue
t3 cdtarac~s.
Senile cerebral
arteriosclerosis

NBC A*7 Pap: Neg. for Cerebral arteri~-
Hct. 32 Ca. hectal lesion sclerosis. medo
iigbo91 Bnear showed proctoscopic
Plat.251+ Inflammation

XBG 7.5 Papa Neg. for
Hct. 54 a. hy smear
Hgb. 13.0
Plato 156

‘W3C9.2
Hct. 51
Hgbe -
Plate 343
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. —

No. PAST ‘NEIWiT B103D P.W5SURE A31KNEN
AGE, SEX HISTORY lNJUZFS mvNL~ HEX:YTAXE LuN7S EENT GU CR GYN

S1
.

Deformity rt. ---

40 56 M
101$/6s

forefinger
b
ba

.
Scar, left 120
inzuinal region

104/66
Tachycarclla

2
ne
ne

41 51 M

.

Asthma

L5 ?J9 F
120/80 Cervical

laceration
eruioc.

1-2 toe rt.
foot nissing

Reelriualrt.
46g6M hemeplegia,

heart. block

129 220/66 Bilateral cata- ‘;ynecomasti;
Arteriosclerosis racts*L+ retinal
heart disease. arteriosclerosis
aortic stenosis
instificiency
broaycardia

scar rt. sdpra- 156
clavical area obese

2 mo. preg. m

1

P
n
1

%/663 previous
4922F abortiona

Bilateral hallux
50 51 u va1~us

lg2
obese

Episode abd.pain?
51 32 F Mittelschmerz

94 u
n

104/72 2+ ret. arterio-
sclerosis

Pain rt. shoulder
52 63 F

107 h
m
s

134 l&/70 Bilateral cata- Moderate
racts light p.r- gynecomastia
cept.iononly

5582M

U@/70 Bilateral cata-
aortic insuffi- racts
ciency

56 7g F

Subcutaneous
masses both

hips

150/73
57 107 F
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~
OTH.ikLAB.

CO!IGENITAL BIL)CIE LATA. URINE

sK1~
T:::(I:ffj ABNOMALITIES ii!IsckLLANEL)us coUNT PAP. ETc. (xl-s

/

~i~ed mols Lt. Inc. node WBC 6.&
1 cm. Inf. lt.)lc~ neck net 42
hand, buttocK Hgb 12.!4

Plat 305

T~acule rt. Lump, lateral Congenital

)eck, 1 lt.
aspect left clislocat ion

,eCk, 1 fCOt arm, ? in fee- hips
tjon site

mcule neck
Lace ar~a,
)art.rt.
Itck;f~gus

.eg

iaculelt.
Ieck

@.ised
0l.es
iae ne:k

Osteoarthritis,
Scoliosis ta
rignt

Osteoarthritis,
Positive homberg,
? taoes dorsalis

Imc ~.1.g
Hct 41
rq:b13.2
Plat. 19A

tiBc 10.7 Pap: Neg. Ca.
Hct. 37 scanty smear
Plat. 169

NBC 5.6
Hct 37
Plat. 265

*DG 10.1
Hct 37
h&D 10.j
Plat. 337

m 12.3
Hct lL7
Plat. 20b

NBC 6.4 Pap: neg.,
Hct 41 inflammation
Hgb. L2.4
Plat. 390

UBC 6.6 Pap: Neg
tict.38 dry smear
Hgb. 11.2
Plst. 555

WBC 4.4
Hct j2
k’lat.296

Dces net
100K well

ChecK -!,..-
ester51

Poor vision
~ penicillin

Vitamins - Ih
bone marmw

;ebaceous
ysts, face

!~erkero- Subcutaneous
Otic areas masses both
t. chest hips

large heads
ulnae

Severe &teoartn-

ritis, kyphosco-
liosis

I(yphoscoliosis
to right. Severe
osteoarthritis

#BC 8.5
Hct 34
Plat. 3&3

tiac6.5
km 34
Pkt. 227

Unaole to
st~nd, cerebral
arteriosclerosB

Light percep-
tion onlyjx-ray
of nip masses
not diagnostic



66

No. PAST ,~~q[{~ BI,SCD?3TL55U.W A?!IYEX

AG5, SEX HISTORY INJLJ71FS .W:’NZC HF3!YTAS2 LUN%5 mm GU CR GYN

10~ L!$o/80 c.arly cltaracts Lacerated cerv~j

Sa 66 F bluoi in 5,mear

143/7!J

59 U F

60 63 F

63 45 F

6437F

6637F

68 51 M

Anemia in past
7024F

71 35 F

1’3 229/110 2+ retinal arterio-
otmsity nyyrtensionj sclerosis

s:,= Y,art.
hea-t (disease

11’3 l?’>/72

1?7

lb1

7& 23 F

112/70

110/64
S:ys h!

126/”0

&.cerated cervfi
blooa in smear I

.

c,.rj.erosion,
.,?!-. ;r l’ipse

haurateort.
ainf=xa

Ao~. ri~ij}
Le,lkorrhea
lacera$i~n cervix
L 9’ -lock

b’ervical
er.>sitin
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—
OTH.ZkLAB.

CU:JGZNITAL BLOOD LATA. UhiNi

5$1X
TLY,.6 ABNOnMALITIES i,!I~(;LLL+iiJWUS COiJi4T PAP. ETC. Coww-rs

/
~ew ~aiscd UBC j.b

,molesaround tict~g

neck Hgb. 12.1
PILt. .219

Pap:? Neg,
Trichomonas,
marked infla-
mmation

Jld plearitic

thickeni.nq

diaphragmatic
area.

flypertcer.
~ck neck

pin. var.
hack lt. neck;
:~ia.rt. ~ore-
ar,>5 cm.
fromant. cub. fossa

raisedmole
m,< neck

z m~cule back

riticK

I.epig.area
Odrs’a lt.
ft. (?)

rev mac~le
rt. nscK

bk it,.r’:tc!i.
:’VIImacule dorsum
1:.ft.; inl’.
1:.bi~ toe

small rt.
axillary nose

Pdp: ikegCa,
marked infla-
,Irna>ion,51.
atrophia

fide8.2
Hct 35
m> 10.6
i%L. 30L

Pap:
D1.)oa
inflwmation

Adc 5.1
.+rt$1
Hub. 12.1
rk,. L,3

ABC 3.g
net. l@
rl<o.11.8
Pla-,.159

ff3c L.3
ii~h7.(I
Hct 26
Pldt. 206
Aner,ic

hdC 7.3
HC*,41
H b 12.L
Fiat.238

Pap: Neg. Ca.,
blood
inflammation

Pap: ,,eg.Ca.,
marked i:.fla-
mmatory chan-
ges. bry smear

Pap: Ne:. Ca.,
? lric:,a.nonas

Pap: enao-
cer\fical
at~ia.
iricnomonas
ffi?nAT

kf
k’astir,gbled

sdi=r

~nemia
itxIr5n

,A3L 1>.9 rap: Ned. <a Constipated
.lC;..,> dtypia clusters
dl.lt.269 J:’Denigh

e:xio:f,etrial
cells
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NO. PAST ,~:q~{~ BLCCD P3F5:UlF A31X)!’Eh’

AGE, s~ HISTORY INJU31FS Fnmm EM .W AKE LUN%5 SENT GU CR GYN SKIN
/

Lost baby 4 mo. 110/7!)
75 18 F congenitalheart?

r’ew
Sys M baCl

over aortic ~ul.
are,a lef:

77 33 M

Y26/76 kbs
and
Ulc
tie

“ of

113

152 mod.
obesity

120/78 small pig
laceration, ro,
cervix nec

mo1
ec

Bilateral ~nci-
s ions , ~ro~ns

1W32 Enla~geclparotid,
rt.

Sca
mer
spc
bac
bac

79 1.46 M

Left toe
deformed$0 53 u 130/go

NSR fibrillation,
pulse irregular

58

Irr
ner
rsac
fo:
mac

119 112/70
.52 57 H

lo~/66
@5 19 F

111 Liver down 1 cm,
lactation 91.
erosion
cervix

dizziness and
f326 21 F ueakness, 1 mo.

stillbirth ’59

95 not taken tonsilar h~ertrophy Lactation,cer-
vical erosion

rild

827 214 F

am 20 M
Scars around

knees
110/64 Pif

of

116 110/72 I.actating,cer-
vical lacera-

tion

&130 22 M 139 116/66
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CG!IG!INITAL
OTHi’huB.

TY.’t,s
BI.flCID LATA. UiiINh

ABNOIMLITILS ::IL{;LU:JWUSsKIX couNT PAP. ETc. Oobil.cims

few ~m. rnacules
back neckj
Multiple i-f.
lefs ? pwg

*O~entfingers
~n,Itoes with
.jlcerS,Of extreme-
tie~ ar, u soles

of feet

pig. var. arm

rougheningback
neck;raised bl.
~Oleshth sides
~ck prt. left

Scar,rt. ea: with pig-

~entedwhite nodules;
~Ptty alopecia
backhead; CH SCSI’
bacKIt. Head

I~~gular pig. front
,,rk(fungus?)1

maculelt. ant. cub.
fossa;pig face with
macules.

~igment.back
of neck

Srort 5th. ‘uBC10.2 Pap: Neg. Ca.,
;“ingers Hct. 41 good estrogen
bilateral Pht. 207 level

Patellar move
later~~ly,
flexion defor-
~.ityof fioeers

t{ilC8.6
Hct. ~
rlat. 402

htic5.2 Pap: Neg. Cad)
Hct. 39 cervical cell
ti<b. 11.5 atypiaamarked
Pi.>. 360 inflammation

llBc7.9
Hct. 147
ti-o.u.~
Pla:. 133

#BC 7.7
HC-,. L3
H<b. 13.2
Plat. 210

Prostate 2A #BC 6.2
normal,left iict.~1
testis 3A right, tlgb.11.s
left facial nerve P1.t. 343
tipaired.

WBC 7.3
hct. 59
hcb 12.1

pl~t. 355

riny axiilary
~odes

‘WBcg.7
Hct. Lo
klat. 253

;{BC8.9
Hct. 47
Plat. 206

Pap: Neg.a
good estxogen

leve 1

Leprosy
arrested

Lray-sl.

enlarged heart.
emphesema

Jcliillaxillary Mdc 5.3
nose Hct. L5

flat. 277
I
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g~l 21 M 121 110/% Tonsilar
hypertrcFhy GuardinE lW

?irritatcd
int,estine

116/’74Left ovarian
.532 25 F cy-st,history

1958

98

118/76 ?onsilar
sys M over hypertrmphy
aortic area

lj~Uniform pig-
i333 28 M rnentationhands

and feet

120/7c121

g34 27 M

112/60133!52-/ F 90

126 1/2

&i6 2g M

145
sli~htly

obese

Congenital
nystigrnua

1959

Fibroma uterus,

g39 33 F by history

112/68151

Child died two
%1 2g F days after birth

~~2$/60

120/s0

History of yaws,
ti3 32 F Old retinal

hemorrhage, 1958

100/66
Split .4

9 mo. pregnant126
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UBc 7.5
Hcz. h7
Hgb. 15.2
pht. 255

Short fifth
fi<ers

Few macule back

neck;some pig.

I’IBC11.5 Pap; i!eg,~
iict.38 good estrogen
Plat. m level

Ikdc 4.2

tic:. L+~

Ii#b. 13.6
flat,. 2W

hac 6.9
n,:. 48
fi:b. 4.0
I’laL. 303

~Qc God Pap: Neg.j

hct. Lo very marked
H~b---- inflmxnation
Plat. 287

/iBC6.9
tkt. 52
Plat. 29g

WBC 6.s
Hct. 50
Hgb. 4.8
?lat. 292

N9C 6.9
He’.. 35
H<b. 9.7
p~r,, 317
Anemic

WBC 10.L
Hct. &7
Plat. 279

~~c 5.2
Hct. 36
rtgb. 10,6
rlat. 2u2
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Nil. PAST “WE17ilT BWCD P,?FSSUW? A553!’FX
Aclj, .$~ HISTORY INJU;IFS F2UN2S HEA.W Ah’ELUN;S mm GU CR GYN

115 1/2 130/a Liver down

au ~ 3 cm.

Syphilis?
w3g F

Depigmented
*9@M kreas

Hypertension(?)
Z3sl 52 F 150/96 1959

(?) cerebral polyp

Hypertension (?)
g52 57 F

655 56 M

Hyperteu.ion
gsg 66 F Osteoarthritis

Cervix discharge
Goitre, fixed
chest

191
obese
abd.

166
obese

114/70

120/70
? pulm.
sys M

120/70

116 11$/78
log(1959) spl. 2nd.

sound.sys,
v...

Hemorrhoids

Cervical lacera-

tion and erosion

bleeds easily

160 112,4 Catar5cts Live r
2 cm. nodule 2 cm.

12L Lo/so
121(1959)

log 160/$0
II-4 ( 1959)

“7ihitish
Discharge,
celwix small

Mild hypertension 12g 159 /96 W. co.neal
g59 6g F

Lacerated
117 (1957) ulcer ~ervi~

Acromeqaly? 1957 Burn-+~,{ere 121
860 71 M

110/66 C%taracts, ~lind-
ext. ,,emorrhoids sc?r, rt. arm 1$0 (19%) ness left eye

awl ,:LX},; >ld 125 (1957)
fr.,..-e rt.,.
j V.. ....
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~
OTHL’kLAB.

CU!IGENIT.4L BI.0CI12 LATA. UiiINli
T::!(,6 ABNONALIT IESSKIN is!Ib[;LIJANELJUS couNT PAP. ETC. coMMFN1’s

/
WBc. 6.7 Pap: neg,
Hct. LO marked inflam.
Hgb. 11.2 QIationand blood
Plat. 3~1

Few macule around

neck and an~.cub.fossa.
vesiclerignt
buttock

‘iitiligo,

trunk
Lipoma,
rt. thigh
6X6cm.

2 cm. noaule
lt. lobe
t~.yroid

Bilateral Osteoarthritis,
~nlarzeme:t 61. ~cm.
of ulna qoitre, rt.

Short left
Lth. toe

14BC 5.9
Hct. 46
ngb. 4
~~at. 276

tiBC7.0
iigb.U.O
Plat. 34

‘mc 7.5
Hct. 56
tigb. 11.2
Plat. 245

I+Bclo. ~
Hct. 57
tigb. 10.~
Plat. 319

NBC ~.O
Hct. ~
ligb.12.&
Plat...2>13
Diabetes

;*3C-[.2
t.ct. 40
Il:b. 11.2
Plat.26o

tiac 7.0 Pap: Neg. for
Hct. 37 malignant cells.
Hgo. 10.0 Fairly good
plat. 227 estrogen level

Diabetes,
hypertens ion,

f?X ;%;;r$blood
s~ar. Chalesteroi

hypnosis, osteo- *BC. g.~ Pap: Neg for
artl]ritisrt. net. hO malignant cells
snoulaer,fifigers Plat. 356

&t,eoarthritis WC. 6.1
r,y~u.oscoliosis iict.37
enlarr;edfi,nees ngb. 10.9
(]111’lcd~tywdLKlfl< tilat..277

t.sues, ce -enera-
:Ldr.srinal cure!
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NO. PAST “WE:?;{? BL?C?DPRFSSU.YJ? k?xl?’ix
AGE, SD HISTORY INJ’LJ31FS ,T:wx HFJ1.YTA W LJN-,S EENT GUCRGYN

SK

3 mo. preqnant 93 ?0/50

7 children, 1 died 9t (1957)
1951, unilateral
exophthalmos

Face pocked,? diaq. lM 110/70
pain in lezs. 17C) stesdy .wei<nt

lfz) 10ss

Occasional convul-
sions

Keloi.dright
shoulder

Hypertension,emphy-
sema, ? prolapsed
disc, 1959

Tumor, left parotid,
removed 2 yrs. a~o,

? 1<>
1;1 (.,. >,/

153

193

195
heavy muscle
143 ? 15F
weifiht~~in

12!!

Beni~n

Scar, left,groin 1>2
8ti 66 M ?old T13C? myocardi-

tis ECG, 1959

cut left ~th. finger 138
gt35 66 M 1955

Diabetes losin, weieht
893 bj F

Coughing,rales present
t391+&F earlier, abd. pain

112

112

106/’72

124/?53

1-+/%
sounds
!istinct

120/s0

lw/”,:

118/63

112/66

100/62
h27P2

1~ /76
wheezing both

lungs

Go/so

Liver do~ ~
1 cm.

drc us si!]ilis, small
to-,siLarhyger- testlcles
tropny

Tender area ~~
? ap,..ndicitis

Hard cervix,
? indjrat,ian
rt. qfinexia,

S1. orclapse

friable cervix, f
91 eds .2..ily,
severe er0si3n,
pr l~pse

r.ll.-s, left 3?5E corneal ? mass ne~. on
neart u~per ‘o.Lt-.:i+.y ftepcat r.xam
limit of noqfal
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-----
OTHL’hl.AB.

CU2GZNITLL BLOOD LATA. Uk.INE

s$~x T::!(I,S ABNCInlUiLITES XISIJL.LLANUJUS Coum PAP. ETc. coAwaN’rs

~
~l. molt?chest

q~erker. areas
neck

WBC5.1
‘riCt.55
kigb. ~b.9
Plat. 277

2x3 cm llpona
left thorax

,+UL,>.0

ti c.. 4y

I’iaL. @J

? enlar.~ed
oistal ulnae

1/2 cm. scar;
nodule ‘OF210N

xypho id

art,nritis,

srine

-vnall axillary

n2ces

.ii3c11.i+

.ict. 46
Plat. Q+

,iuC 6.1
Hct. 145
Plat. 3~’(

#BG 11.0
iict. 39
Plat. 346

WBC S.S
dct. L3
k’ht.282

,Yei*t 10ss

X-ray, rt.
nilum pr:mi-
nent ,rffi21ECh)

Hei~t gain

{X 7.3 Pap: Xeg., Gaini.~ weight
tict. 36 good estxmqen
Iig!J. 11. s k vel
Pldt. jlb

%
- ~il axilla.-y ;,i?c0.1 Pap: Jieg. Cholesterol
.7.;es, L)ir.moosed ilct.56 Trichomonas ? diabetes

-,.rr-..ids Plat. 237 urine sugar ~+ fastin~ tboi
sugdr
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------

No. PAST ‘NEXhiT BL!!CDP.RESSU,W? A9’ZP’EN
AGE, Sm HISTORY INJU31F’S ~~N~. HFM:YCAND LUNnS EENT GU CR GYN

SKI
\ /

E!ackache;worms 108/60
g96 21 F in stool 10:5(1959)

129/802 spontaneous
g95 31 F abortions in

past 2 years

126/66 Arcus senilis
left eye

162 1/2

165

Pain, left
g97 63 M shoulder weak

120/85 Arc~s senilis Cervix bleed:
left e,vw.Ulcer easily
left tonsil

Varinitis)arthritis
g9X 65 F

Dupuytrens
$99 65 M contracture

both hands

la (1959) 136/70

102 (1959) 92/1513 Menstratinr;Worms
9U+26F

125 i.J/72 Prostate 2X
nonnal

Thickened rt.
915 4 M cord, 1959

15 H1959)
92/g5hafness?

916 37 F not confirmed.
4 mo. preg.

lg~
175 (1959)

la Iao
split F-2*?$333
Em, 1959

Prost. nor-ma:

917 42 w

No other history, Scars around
916 63 M Diabetes groin and rectun

130/74 Arcus senilis

wheezes, It.
chest

132 (1959) 108/72Healed burn,
920 @ Y scar buttocks

97
.veiKht&2 yrs.

104

Lactating 2 1/2
922 37 F post part. 113/70
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OTHiikLAB.
CONGENITAL BIJ3012 EATA. URINL

T>?:<I.6 ABNOMALIT1E5 MIS[;U.LANFLJLJS@X
co um PAP. ETc. COMMENTS

fit.leg short- 14BC6.2 Pap: tie:.,

er short right Act. 35 S1. endo-

femur d~e to Plat. 259 cerv:cal
injury ..sc!lils cell atypia

or c~n.:en~tilij

143C 11.6
net. ~o
rlat. 16$1

Left kne- smllenj “!Y3C11.1 Pap2 leg.]

stiff atrophy thigh Hct. 38 high estrogen
? arthritis Plat. 153 le ve 1

? ~ra~a%iC

&teoarthritis

~OWmacule

&.cKneck

Urine sugar 4+

hall cervical
noses

dst.eoartrlritis

;Iac 9.2
~ct. 3L
Plat.276

NBC5.8
rlct.@
Plat. 167

UBC 5.1
.%t,. 50
Hqb. ti.6

fat. ;ti~

udc 9.2
Hct. 51
Plat. 265

Urine sugar 2+ hx Ir~n
iastl:.gL1.m

s ugar

.

Rx

Urine sugar 3* F. blood s+ar,

cholesterol

hoc >.6 Pap: leg.,
fict.56 eodocerv~cal
?lat. 330 atypia
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No. PAST ‘!VEI;HT BL!!CCP.W5SU.W A~K)?EN
AEE, S= HISTORY INJUIIFS .T:VW HEA.YTAXE LltiN;S EENT GU OR GYN

c.

Scar, left
92g l@ F

122/76 Cervix O.K. -
chest,burna 15~?1959)

12t?/F4 decreased small
vision left eye cervix

Never pregnant 13t?
929 63 F

One child dead 13j
932 26 F neningocoele

$/60;3 mo. preg

931!J 26 F
125 llo/7cl Slight tonsilar Tencer ~

hypertrophy

$7
9iJ(1959)

11.L

loo/79

L40/99

93t! 22 F

Hypertension,
9!A1 60 F ? lump in back

132
(1959)

108/7.

L20/tw

94246F

943 33 M

Backache
944 36 M

History of produc-
945 56 F t,ivecough

116/70
S“ys h!

pul~onlc area

Cervix lacerated,
resistance RLQ

Hypertension,
@,7 53 M arthritis

117

1?5

1s5/105
wh~ezes
both lUnTS

Iactatinz~nizht-
951 2E F blindnes:.,

O.i. Sliqht cervical
erosion

Baby died at birth,
9% 52 F One stillbirth

l..j
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OTHiihLAB.
C07SE!JIT.AL BIL3CIll EATA. UNINE

T:~*,,,~ ABNOIl~diLITIZSiJIS(;iLLidJEJ3US co Um PAP. ETC.
~nls

coM3@NTs

Artnritis symptoms) WBC 4.A
Osteoarthritis Hct. 33

plat. 246
Anemic

Superficialulcers
~n ~xt~mit.ies

Le:iO. arsas

6 toes,left
foot webbed

,vac 11.0
tict.37
Plat. 351

I+bC6.9
Ilct. 53
?la L. 378
mnemia

,YBC6.9
tict. 37
Plat. 236

‘WBc10.1
Hct. 41
Plat. 169

‘WBC9.L
Hct. 3tl
rlat. 371

No count

tide 6.1+
licL. ~y
c~at. L476

(!BC .LO.3
ikt.46
Plat. 33$

Not &Ine

Pap: Neg., ~ Iron
Inflammation,
endocervical
atypia.

~a?: Neg.
some endocervical
atypia

i’ap:Neg.

Pap: Neg.,
Good estrogen
level

Pap: !ieg.
Zood estrogen
level. Marked
inflammation.
lrichomonas

Pap: Neg.for
malignant
ce11s

#kc 7.9
Hct. 39
Plat. 31+2

!4i3c ~.o
Hct. 37
Flat. 512

Pap: he%. wit. Fastin~ ulood

**z:b.7 atypia due to 5ugar
act. 55 cryn.ss--iaflamOd-
il+t.. j26 tldn
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----

No. PAST WEIGHT B14?CD P~F.5SU!U? A~~)lE~

AGE, SEX HISTORY INJU<I!’S K!LVfEC HEA.YTANE LiiN-IS EENT SU CttG~

\
Deafness~ 159 118/76

957 51 F ? hypertension

G. I. symptoms 121& 1/2

958 51 F ? ameoba wheezes
? perineal cyst both lmgS

110/6s Liver down

3 cm.

IJJJ 156/s0 dil,iteral

..yarocoele
20 lb. weight loss,

961 6g M Parasthesia 1.s<s,
Iliabetes

139 1/2 120/go

Lipama left knee
9@g5M

128 130/76 Opa.ity bath
lenses

123
12!J

llo/513
969 b3 M

105
110 ( 1959)

lw614 Liver nun
1 JO .970 47 F

Hyp rtension,
973 52 M mild

Burn, left
lower leg.
Inguinal inci-
s ions.

133 1.L@/90
Frothy sputum,
wheezing.

hl. enlarged
:r’.5taLe

Hypertension
9g2 LO F

137
u (1959)

114/711 Li\,r dovn lcm
;’3ss‘U prob-
ably fe-es, pr

la;s- ‘ rectum

Hypertension
991 55 F ? diabetes

’59 blood sugar
27g

173
la (1959)

124/s!-/ Lic-rlted cerv

Receiving iron
1001 27 F

107
109

11.b/60
Sys M
P27A2

fit.ur~ast lar
t:an Lel’c.
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--’ OTHZl(LAB.
CC:IGENITAL BD312 LATA. UkINii

T:::(’S ABNOUNALITIZ.S ;.!15[:ILUANUJUS Coutr’r PAP. Fxc.
SK1$

coMbmJrs

/

Impetigo,
legs

Lipoma left
knee 5 cm.

Ganglion left
wrist

Lipma left
snoulder

oA5 Cm.

l’ilonidalcyst
not draining

awkward walk

nom D-rg ned. ?

column uisease

Severe kyphosis,
Osteoarthr.cis

past

Several small

nodes k ft neck

mJTJ-
.

Plat. 532

NBC 11.9
flct.40
ki~b. 11.2

.Plat. 292

ABC 5.6
rlct.42
Plat. 176

NBC 5.0
Aict.44
dlat. 186

UBC 4.0
Hct. 37
Plat. 229

WBC6.g
Hct. 40
Plat. @
Hgb. 11.5

WBC 7.3 Pap: Neg.
Hct. 37 Good estrugen
rigb.10.6 level
FiaL. 283

/(tic6.6
Hct. 45
Plat. k~

#BC 9.6 Pap: tieg.
tict.39 Good estrogen
Plat. 21Z level
H~b. 11.5

NO(NE

rlac 7.1 Pap: neg.
ilct. 43 Endocervical

h~b. U atypia. Urine
Flat. 182 sugar ~+

%x?diaDetes
Fasting bled
sugar. Choles-
terol

bnsicer cata-
ract rwnoval

~ ikdral

X-nay, fibrotic

markings, Lt.
base

%
Fasting bloul
sugar. Choles-
terol

tidC10.8 Pap: Neg.
tlct.>> Jood estrcgen
flat. 2j6 level; infla-

mmation--
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.

Small Inguinal 157 136/88
1005 28 ~ hernia. Rt. (1959)

Indirect, easily
reduced

1007 50 M
Ht. inguinal 170
scar (1959)

124/80
130/86(1959)

hall teste:
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APPENDIX 7

.
Gamma Spectrographic Data, Rongelap People, 1961

Zn’”’ body burdens, in mpC/ kg body weight

Ronq-clap

Male Female U.S. medical (cam
—

Subject .\ge Subject .\l+- Subjc-ct Age Subject .@’ Subject

vL o. 5–15 N<), >15 N(). 5–15 X(). >1.-) Xo.

19
6

yo

32
36
47
54

3
23

2

I ,33
0.938
1.07
1,26
1.76
1.3’4
1.50
(),683
1,98
1.’20

AV 1.31
*0.13

939 1.83
863 1.53
913 0.925
921 0,761
892 1,63
820 1.10

41
7

68
80
10
16
11

4
~~

M)
79

969

917
875
975

1007
915
878
910
845
833
831
971
958
948
833
967
834
881
882
9’47
973
839
868
830
823
96:}

Av 1,30
20.17

—

I >4
I. &.!
I. I!)
1.34
().7.-).\

I 09

().!J7(j

I .10

1.21

1,02

I .(}-4

1,(;7
().817

1,~()

*().()83

1.50
1.19
],~()

(),991
1,33
1.02
2.0.%

1.{2
.01-)

I ..48 -401 (),()1-1

1.71 473 ().()(1{

119 -490 ()()11

?.1.~ 5-48 1)(}27

2.05 366 ().()1’1

2.l(j 567 ().()()()

‘2,02 569 ()(1?,>

1.41
I..>.j
1.+.j
1.11
1.3?
1.21
1,07
1,~~

1.82
1.13

1.58
Y(4.090

().1)1-)

to.l)(t i

1.76

0.876

1.38
1.68

1.19
1.19
I .50
(),!)45

I.ltj
I.09
(),885
l.+.?
I.(i8
I,02
1.1!)
1..j?
1.36
1,7’)
o.6o1
1.30
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Gamma Spectrographic Data, Rongelap People, 1961

Whole-body potassium, inq~kqbody weight

Rongelap

Ylale
Female U.S.medical team

Subject /\ge Subject .Age Subject
lNO.

.\<t’ Subject
5-1.5 N’(), >15

:!~e Subject
No. 3- 1.5 No. ;>15 No.

19 2.65
6 2.11

20 1,85
32 2,14
36 1.91
47 2.63
54 ~,:j~

3 1.66
23 1.65
2 2.16

.\v 2.11
to. lo

939 ‘2.02
863 2.38
913 2.43
92] 2.47
89Q 2.29
820 1.93

.+\, 2.26
20.087

41

7
68
w)
1()
I6
11
4
}j’J

40
79

969
917
875
975

1007
915
878
910
845
853
831
97 I
958
948
833
967
834
881
882
w 7
97.1
839
868
8:10
82:1
96.\

Exposed.
2.07
-?..)8
1.X6
I.95
1.87
1.7!)
.!-!5
I .99
1.77
.!..t6
,) )j----

2.07
30.065

Unexposed

2.57 978
2,41 996
2,30 993
1..54 998
1.65 959
1.94 (j~~
1..51 935
?.18
?.04
1.46
2.70
~,85

2.11
1.97
2,06

2.23
2.40
2.03
235
I .95
1.71
l..~.i
.! 19
~,~~

2.lti

2.32

2.13
to.()(itl

2.03
to.047

1.86
170
1,57
1.80
1.38
1.89
~,~()

(),927 4{)1 1,78
1 q~ 47:{ 1.60
1.18 490 1.6}
1.6.5 548 ]()]
1.69 .56(i 17!
1.4j 567 1.7.?
~,1~ ;ti(+ I >8
1.4.5
1.79
1,27

1}7
1.30
1.71
],~]
l,~cj

1.74
1.62

1 -,;
to (,;{

1 -)1)
1 -,;
1.20
1.7.3
1.47
1.63
[07

1,4[1
2. xi
2.14
l.(i\
2.18
?.37
1.60
1.8(i

1.14

1.56

1.52

1.59

1.66

1.7?
to.(hlti
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Gamma Spectrographic Data, Rongelap People, 1961

Cs’” body burdens, in mKC/kg body weight

Rongelap

Nlale Frmale U.S. medicill t(,anl

Subject :\ge Subject A<e subject .\<t’ Sul)jcct .\<e Stlbjert
X(). 5–15 No. >1.i No. 5 I.i N(). >1.5 x(>

.—

1!) 14.6
6 18.9

20 12.7
,5~ 19.7
36 187

t 7 1&5

.54 14.4

.3 ~,~~
‘)<3. . 16.4

2 17.0

Av 15.8
~1,28

939 12.4
863 20.9
913 17.1
921 17.4
892 12.1
820 14.3

41
7

(;8
8()
10
16

II
4

~~

40
79

969
917
875
975

1007
915
878
910
843
85:!I
831
971
958
948
833
967
834
881
882
947
973
839
868
830
823
963

IIj. +
11).8
.30.’)

[1.01
170
)1.1
1}()
l(i.7

1.\..-)
I I..\
176

l(i.o
+7 ~~—-.

L’nexposed

15.4 978
17.4 996
20.0 99.3

8..~6 998
I 0,9 959
12,.5 g~~

11.3 955

24.3
1?,9
13.5

1.93
18.1
22,()

3,62

13.1
[ 7.8
26.9
13.I
I ().9
20.0

[;. (R
6.24

lu..~
11.4
1 [.!
))+---

I 1.2

% 1.27

I 2.8
20.I
1().H
1!).7
I 1.!)
18.( I

171
20.9
~)),:)

12.5
1?.7

I 1.!)
1 I .8

[6,:}
tl ,55

12.7
14.6
19.3
14.6
12.7
‘)), j

13.6

I .-)()

tl “)1

6.7J 4(J 1 (10 {(,

8,83 i73 ()(121

15,7 .+:)() (11]1

~,j~ -)48 (1(111

ti. ?t ~Jt)fj (Ill; t,

17.0 ‘)tj7 (1(1; $1

?I}.(j ‘) I j!) (10-,”,

l.}..~

11.4

9.52

8,05

10.9

11.3

6.89

12.7

8.85

9.65

11.1

&o. 95

10,7
9.56

12.7
11.7
9.51
9,98

11.5
2.47

11.5
1’2,1
6.67

16.7
9.41
~,~~

9.43
8.61
7,?5

15.9
2.11

115

!),84

fo,90
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Gamma SpectrographicData,RongelapPeople, 1961

—(:0”” body burdens, in ~p~:l k< body weiyht

Ron@ap
— .—. ____

l\[a]e
_— _____

I’CI1lJI(J—— .._ _— ___ ___ _
Stlbjec[ lqe S~ll>ltc[ .\qf .StiIjjc[[
N(), .“)–1.5 so.

.Iqc
[.>

SlllJj~(I .\q(.
X() “)I-) X() I-)

1-10

--11/1—

\v 1.5.!
‘-l)(j.—---

I “)-1

(.7s. Ildlcal [(..,,, )

sUl)Ject
x,).

.—

l-!} H)l < (,/]

I(ii 47 { 2.[)/{

100” 11)(,
1 8{}

.’)(I { -)+8 1 2.{)

.!10 .jt~(j 110

1(10 ‘)(ii l.tl {
)j+-. -)(; () ? 82

1+7

I }{()
I ().1
107
Ifj”)
1+!)
I .?8
111
100”
5[)
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Gamma Spectrographic Data, Rongelap People, 1961

Total residual gamma activity, incpm/kg —

Rongelap

Female
LI,S, medical team

hlale ——

Subject Age Subject .\ge Subject ,~ge Subject Age Subject

No. so. 5–1.5 N(). >15 No.
No. 5-15 ,->I 5 —

19 5.9

6 :3.1

20 4.3

32 3.3

36 8.6

47 11.2

54 2.5
3 3.7

.3,,, 7.0
2 4,7

AV 5.4

~0,89

939 9.2

863 3.8

913 2.6

921 2.6

892 –
820 4.2

969

917
875
975

1007
915

878
!) 1()
84.?
853
831
971
958
948

833
967
834
881
W?
!)47

973
8:}!)
868
}I:N)
[)?}

!)ti,i

lot)

It I-l

20.5
*2,7

~Tnexposed
—

12.5 978

50.0 996

21.O 993

18.4 998
~~,~ 959

13.1 !)25

.19.’2 9.55

14.3
18.4
38.3
134
14.8
2.}.1)
12.2
17.7
19.5
I 7.6
X),8

117
I?.1
1().:t
1!4
{1,()
l-). +
I lo
2+()

.!(1 {
+.1.[)

4.5
li. ti

.\.4

5,8

4.!)

1:11

10,5
.3,2
4.7

17.4
,i9.6

4.0
2.0

9.3
~f~,~

5.4
3.5

17.8
5.5

13,8
6.2
7.4

26.9 w 1 1.2

8,4 473 [) (10

?5.1 490 I./l

11.5 :)48 “) I

14.1 366 II

8.7 567 Ii

28.!) 569 Ii

98
yj, ()

?8. 1
1!1.8
3(i, 2

7.6
19.3
20,7
25.0
20.9

19,8
t2.1

~’2.3

16.9

31.3
16.7
18,6
24,8
14.9

~,p

18. I
-L.\

18.4
1().8

7.8
10.4
1 [.3
419
!4.3
:10..>

7.?
21 !)


